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6 TENTH ANNUAL RKPORT 

water level in the exlrome southern part stood nearly stationary, the northern frac- 
tional beaches converging into one toward the southern extremit}' of the lake. The 
next distinct beach found in the southern part of the region ascends toward the north 
seventy feet in one hundred and fift}' miles. The surface of-the lake had now fallen 
thirty feet in Traverse and Grant counties, fifty feet in northern Clay county, and 
ninety feet northwest of Maple lake. The fall of the lake had therefore been sixty 
feet more at the northern than at the southern end. Double and multiple ridges 
occur along the northern half of this distance. The third beach-line, formed wlien 
the outlet had been excavated to the level of Lake Traverse, is know^n along a dis- 
tance of one hundred and thirty-five miles, and its northward ascent w^as at first 
fifty feet and and aflerward only about twenty- five feet. Toward the northern ex- 
tent of this beach are also additional lower beaches, indicating a halting descent of 
the water level. The fall of Lake Agassiz from the highest beach level to the 
third, at Lake Traverse, was about eighty feet, and in the vicinity of staple Lak® 
one hundred and sixty-five feet. But the rate of ascent of this third ))each-line is 
less in the northern portion than toward the south. These phenomena seem in- 
consistent with that hypothesis which supposes an elevation of northern land as a 
barrier to contain this vast inland lake, inasmuch as these beaches would have to 
present a slope in the opposite direction in order to change the outlet from Lake 
Traverse to Hudson's Bay. The same kinds of beaches appear about the southern 
shores of Lake Erie and Michigan, and have often been referred to in geological 
reports They have been ascribed to the operation of the glacial period in the 
epoch of its decline, when the ice still existed toward the north as a barrier to pre- 
vent northern drainage. The same obstruction must have existed in the Red River 
Valley, and in the opinion of Mr. Upham, its attraction was sufllcient to move the 
mass of the water toward itself and to cause an ascending shore line in that direc- 
tion. Any such barrier, operating inversely as the squares of its distance from dif- 
ferent parts of the lake, would thus cause a more rapid ascent in those portions of 
the shore line near it than in those more remote. 

Lake Agassiz, probably covered Red Lake under fifty or one hundred ftet of 
water above its present level, Lake of the "Woods under about two hundred feet, 
the Red River Valle}^ at St. Vincent, four hundred and fifty feet, and Lake Win- 
nipeg, about six hundred feet. It is supposed to have extended east as far as the 
east end of Rainy Lake, but no definite statements can be made yet concerning the 
northern slope of the State between Red Lake and Vermilion Lake. 

The distribution and characters of the crystalline rocks in the central portion of 
the State, including the counties of Stearns, Sherburne, Benton, Morrison, Mille 
Lacs, Kanabec, Aitkin and Todd, and portions of Carlton and Pine, have also been 
ascertained by Mr. Upham. 

The failing health of Mr. C. M. Terry, rendered it necessary for him to suspend 
active work about the middle of May. A trip to Florida afforded him no relief, 
still lie was preparing to resume work on the survey in the latter part of summer, 
when he was taken worse and he died. 

His contribution to the last report of progress, pertaining to the Hydrology of 
the State, shows the carefulness and the scope of his work. His perseverance and 
industry were remarkable, and the amount he accomplished, with his feeble health, 
was a surprise to those who knew the obstacles under which he labored. He has 
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left some maps, notes, and incomplete manuscript, which will be made to contri- 
bute in his name, to the completion of the subject to which they pertain. I can- 
not forbear at this place, giving testimony to' his uniformly, cheerful disposition 
And urbane personal bearing, his high integrity, his zeal and industry, and his 
truly scientific methods of work and thought. Having spent some years in the 
christian ministry, one of the most instructive facts of his brief labors for the sur- 
vey, is the ease and quickness with which he turned himself to purely scientific 
pursuits. He began with careful laboratory work, requiring patient mechanical 
manipulation, and he succeeded from the outset. ^ Whatever he undertook, he 
knew how to accomplish at once. Having a trained mind, it was no task for liim 
to apply it vigorously and persistentl}', in a new field of labor. A general sugges- 
tion, or an intimation as to the direction to be given to his labor, was all that was 
necessary. Had he been able to finish the work that he had in hand, one of the 
most useful, thorough and instructive chapters of the final report of the survey 
-would have been written bv him. 

Mr. C. L. Herrick continued to work in the laboratory of the survey and in the 
Museum, till the first of July. He sailed for Europe in September, and is studying 
in Leipzig. A contribution of his to the survey reports has been under way ever 
since the publication of his paper on Microscopic Entomoitraca in the seventh annual 
report. 

My personal labor has been given to the preparation of chapters for the final re- 
port, which, with the prosecution of the building-stone investigation, the office 
And executive duties, and the conduct of the last annual report through the press* 
have occupied my whole time. It has been necessary to visit most of the quarry- 
*ng localities in order to obtain samples of suitable size for use in the examination 
of the building-stones of the State. At the same time the quarrying statistics of 
the State were furnished the U. S. census for 1880, and additional samples were 
forwarded to Washington to be subjected to a careful analytical examination by 
the government, calculated to further elucidate the nature of the rocks of Minne- 
fiota. 

In the Museum report will be seen the recorded additions to the collections, and 
their sources. No important purchases or changes have been made either in the 
materia] of the collections or arrangements of the Museum rooms. There will be 
no occasion to make important changes before the erection of the new building for 
the use of the Mmseum, which has been ordered by the State legislature. Indeed, 
it would be poor policy to lay out much more expense on the old rooms. In the 
new building it is expected better accommodations will be afforded not only for the 
exhibition of the specimens, but also for the handling and examination of the 
various classes of rocks. The thanks of the University are due to Col. J. B. Clough» 
for fossil specimens of extinct vertebrates, from Montana, and for Indian imple- 
ments, for the General Museum, and for other specimens, and to O. E. Garrison, for 

procuring samples of .water from Mille Lacs; and to Dr. Miller, of the Little 

Miss ouri Cantonment, for a collection of fossil leaves from that locality. 

The survey is also under obligations to Prof. A. H. Chester, of Hamilton College, 
N. Y., for a report on the geology of the iron region east of Vermilion Lake, based 
on ob servations made by him during two seasons spent in that part of the State ex- 
plori ng for iron in the. interests of non-resident capitalists. The report of the 
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survey for the year 1878 called attention to the existence of iron ore in the northers 
part of the State in large quantities, and to the fact that parties interested in iron 
from eastern States have made costly surveys and examinations, attesting the value 
of these deppsits by field exploration, and by laboratory assay. Since then others 
have become interested in the same way, and it is not premature to predict that 
the iron ore of Minnesota will, not many years hence, be largely wrought, and 
yield to the State a revenue which will be commensurate with the extent of the 
deposits and the importance of such industry. It would be well if the capatalist» 
of Minnesota would look after fhis matter, and by concerted action, retain within 
the State as much as possible of the profits of such development of these ores. Th© 
blast furnace which is now in operation at Duluth, using ores from Marquette, 
should be supplied from Minnesota, and Minnesota railroad companies should see 
to it that these ores are made accessible. . Our iron ores are the farthest west of al 
the Lake Superior deposits, and being in the midst of timbered lands are situated 
favorably for reduction by charcoal ; while the great region west and northwest' 
destitute of the rocks producing these ores, will always have to depend on us for 
iron and its products in the same manner as for lumber. Eastern iron deposits and 
eastern furnaces should not be allowed to find it profitable to send their product* 
past our doors when we have every requisite and ever^^ facility for producing the 
same. It^would be a thing highly creditable to the Regents and to the University, 
to be directly instrumental in developing this great industry, and I hope that gen- 
eral attention may be called to its feasibility. 

I wish to call your attention again to the destruction of the forests by. fire in the 
northern portions of the State, and to refer you to representations made in the 
report for 1878, (p. 24) ahd again in the report for 1879, (p. 134). The Legislature 
should be asked to enact the necessary laws, with penalties, to preserve the forests^ 
and especially the pine forests, from destruction. These fires are not occasional, 
but seem to be habitual. No countrj'- in the world, claiming to be a civilized and 
enlightened commonwealth, should permit such wanton destruction of the public 
domain for one moment when once informed of it, and it would not be possible 
were it not for the sparseness of the inhabitants, and the indifference to the pub- 
lic interests too oftCQ exhibited by republican Legislatures. It would be well if 
co-operation could be had with the Canadian government in any effort to suppress 
these fires, since they originate on both sides of the international boundar}^ The 
The University pine lands, on the St. Louis river, are annually in danger of being^ 
devastated. 
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11. 

PRELIMINARY LIST OF ROCKS 

COLLBCTBB BY N. H. WINCHBLL IN 1879— CONTINUED FROM THE LAST 

REPORT. 



. FROM FOND DU LAC TO KNIFE FALL8. 

443. The red sand rock at Fond du Lac. This dips E. S. E., or S^ 
E., about ten degrees. 

443A. Quartz pebbles from No. 443. 

444. About the center of S. W. i, sec. 6, 48, 15. Here a bed of 
dark-red shale strikes across the bluff. This is about eighteen feet 
thick, and has thin beds of sandstone occasionally, much as the lime- 
stone is embraced in the shales of the Hudson river formation. This 
shale has spots that are greenish. Pieces of the same color (and alsa 
red) are sometimes seen in the midst of the massive sand rock (443) 
which, on weathering out, (where quarried,) give the rock a loosely 
porous and (apparently) eonglomeritic structure. There are belts and 
thin strips, parallel with the bedding, that are eonglomeritic with 
white, or glassy (not milky,) water- worn quartz pebbles, that are some- 
times larger than hen's eggs, but the great mass of the whole is a 
homogeneous sandrock. They are sometimes more shaly, and also on 
separating some of the thin layers, they even show micaceous inter- 
lamminations. The general color is a dark red-brown, like the brown 
sand Tock of the ** brown fronts,'* but it has layers that are of the 
ordinary light-colored sand rock. This light color is.sometiraes dissem- 
inated through the red in round spots or specks, or is clouded and mot- 
tled in it over considerable areas. Sometimes a solitary quartz pebble^ 
as large as a walnut, is seen in the otherwise homogeneous brown sand 
rock; and occasionally one is as large as a man's fist. 

Below the above-mentioned bed of dark-brown or red shale, the rock 
is altogether less firm and siliceous than it is above, or to the east^ 
After a thickness of about twelve feet of rock, somewhat like the rock 
overlying, another bed of shale, or shaly rock, is met with, whose 
extent cannot be defined, as it seems to alternate with thin bands of 
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shaly sand rock confusedly, the latter having cross-stratification, until 
finally the whole formation, so far as seen in the bluff, almost deserves 
to be styled a shale. It resembles the red shaly sand rock of Good 
Harbor Bay, near Grand Marais. It sometimes weathers out in slates, 
(less than one-fourth inch thick) which are flexible, and red like the 
rest, but rather fragile. It has belts of green shale running parallel 
with' the bedding. There is a thickness of about thirty feet of this 
shale visible along the river by the railroad, before it is hid again by 
trees and talus. It becomes all shale. The apparent horizontality is 
due to a change of direction in the bluff. Some of it is quite siliceous, 
but in very thin sheets. The brick-red color is sprinkled with light 
spots; and there are belts, three or four inches thick, of a light bluish- 
green color. The green color, indeed, seems to be the original color, 
and prevails largely on tearing down a lot of the layers. Although 
following the layering in belts, or elongated with the bedding, yet 
these light-green spots are also globular, or oblate spheres passing 
through several sheets of the thin shale, which shows no change but 
thai^ of color. 

At ihe high bridge, "No. 1," which is over a little creek at center 
of sec. 1, 48, 16, the formation shows about the same dip, but is more 
nearly a sandrock again, but still with alternating layers of slatv sand- 
rock, (often with cross-bedding,) and red aluminous shale in thin lay- 
ers; but where the creek joins the river there is a bed of about three 
and one half feet of red, crumbling, conglomerate. This lies below 
the shale last mentioned, and has below it an exposure of about six 
inches of cross-bedded sandrock. Thus, in ascending the creek, the 
^layering is as follows. No. 1 being the lowest : 

1. Cross-bedded sandrock, next the water 6 m. 

2. Crumbling conglomerate, rather fine 3^^ ft. 

3. Shale, with layers of six and eight inches of shaly sandrock with 

cross-bedding 4 ft. 

4. Shale . . 18 in. 

5. Sandrock 8 ft. 

6. Like No. 3 12 ft. 



Total 29ft. 6in. 

The above section is all on the lower side of a fault, i. e., on the 
river side, and on the left bank of the creek. Above the fault, which 
is hid on the opposite side of the creek, the visible section consists of 
the following : 

1. Crumbling conglomerate, rather fine 3)^ ft. 

2 Shaly sandrock, with belts of greenish, shaly sandrock and of shale. . 10 ft. 

Total 13>i ft. 
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It seems as if the conglomerate had passed up to the upper level , a 
distance of about fourteen feet, but there are fractured and curred 
beds at the fault, indicating a subsequent settling again of about six 
inches, after the fault had closed up. 

446. Black roofing slate, near the section line, between 30 and 31, 
in town 49, 15, in the bottom of a branch of Mission creek, very incon- 
spicuous exposure, covered in high water. The slaty cleavage strikes 
across the creek east and west. 

447. Nearly on the town line, next south, below the two forks from 
the northwest, in the bottom of Mission creek. This is a lighter col- 
ored slate than the last, but related to it closely. It strikes in the same 
direction and rises about four feet in the right bank of the creek. 

448. Crumbling, red conglomerate, from the tilted beds of the St. 
Louis, at a point near the bridge (** No. 1,") over the creek mentioned, 
but lower in the formation than the three and a half foot bed. This 
bed is fifteen feet thick, shows a strong dip, and is underlain, in ascend- 
ing the creek, by two feet of shaly sandstone, and then by fifteen feet 
of shale not well exposed. Under that, still higher up the creek, may 
be seen six feet of red conglomerate descending below the turf, and 
extending along the bank so a» to make, with the dip constant, about 
fifty feet. 

449. Below the last appears this number, which is a hard pyriti- 
ferous, pebbly conglomerate, consisting largely of quartz pebbles. This 
is seen on S. W. i of N. E. i Sec. 1, T. 48, 16, It dips with the red 
beds, about 10° E. of S., by compass. Some of the pebbles are two or 
three inches across. The pebbles are mainly of milky quartz. Some 
are translucent. Some are black or gray. In some places nearly one- 
half of the gravel is of the underlying slate formation. Just above 
the junction of the two creeks there is a blind vein of calcite about 
two inches thick, running north and south in this conglomerate. The 
conglomerate extends a few rods along the creek, both branches, and 
before it disappears, which it does by rising in an incline along the 
left bank in accordance with the dip, it shows about eight feet of bed- 
ding; and within the distance of about two rods the Thomson slate 
formation appears in the bed of the creek, and soon form a consider- 
able exposure along the bank. The slates stand nearly perpendicular 
as the weathering separates the cleavage planes, and they strike east 
and west, as at Thomson. But it seems as if the conglomerate lies 
lower where it is last seen in the bed of the creek, than the slate when it 
first appears, and so low that even with the dip, which would of course 
tend to throw it higher in ascending the creek, it could not get over 
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the slate. Hence it is probable that the conglomerate lies in depres- 
sions in the slate surface, and is thicker in some places than in others. 
At this place the contact is not visible, but there cannot be much 
between the points seen on each side. So that, as already stated, there 
is too much conglomerate to fill the unseen interval. This conglom- 
erate appears conspicuously on the St. Louis, S. E. i Sec. 2, T. 48, 16. 
(For a complete section of the red sandrock beds, see after No. 510). 

45U. Samples of the Thomson slate, from the river bank, S. E. i 
Sec. 2, T. 48, 16, underlying the conglomerate. No. 449. 

451. Samples of the same showing, the slaty cleavage transverse to 
the bedding. The dip of the slate beds is to the S. W., amounting to 
about four degrees, the conglomerate being unconformable. 

452. Slate pencils, formed naturally by the intersection of diffier- 
ent divisional planes, having a rhomboidal section. The overlying 
coarse, gray conglomerate, seems to have a thickneess of about 100 
feet. Above that is a considerable red, finer conglomerate, perhapg 
fifty feet. 

453. Slate from the lower falls of the St. Louis river, S. E. i Sec. 
10, T. 48, 16. 

454. Near the foot of the falls, on the left bank, are several * * veins, ' * 
or folia of white quartz, parallel with the slates, some of which are 
four to six inches in thickness. They are all in an interval of about 
three feet, with folia of slate between. 

455. Slate embraced between and contiguous to the white quartz. 

456. Harsh, arenaceous, gray, firm beds, two to three feet thick, 
embraced in the slate at the lower falls, having no slatiness. 

457. Slate; average sample for the rock of the lower falls. 

The cause of the lower falls is the occurrence of a dyke of igneous 
rock which crosses the falls near their brink, hardening the layers of the 
formation. The falls cross the river stragglingly about east and west in 
conformity with the strike of the formation, and descend about twen- 
ty-two feet in the distance of about six rods, but the water is rapidly 
descending in other short cascades for a quarter of a mile above the 
falls. Also below the falls it continues as a rapid to the ioot of the 
islands, descending about fifteen feet more. The dip, which is taken 
to be the general incline of the heavy beds toward the S. E., is 63'', 
but there is a multiplicity of folia, joints and seams, and sedimentary 
planes, that all confuse the question of the dip. This measurement 
was made near the dyke, and on the east side of the river. 

458. Hardened slate formation, contiguous to the dyke at the lower 
falls. The slate here has a coarsely basaltic structure along the east 
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side of the dyke. The columns run E., S. E. and dip about thirty 
degrees froiti the horizon. 

459. The doleryte dyke at the lower falls, by compass, runs N. N. 
E. and is at least twenty, feet wide. It may be twenty -five feet, but the 
high stage of water prevented a full view of its western extent. This 
has so hardened the slates that they are more durable under the action 
of the river than the dyke itself. 

460. Above the falls, nearly opposite Island No. 6, (the islands 
being numbered up stream,) two other dykes are seen on the east shore, 
the rock being of the same kind as the large dyke (459), but finer 
grained. One seems to be about eight feet and the other about ten 
feet wide. 

461. Sample from the eight-foot dyke. 

Above the lower falls, along the east side of the next island, th^ 
rock stands up in the channel as very rough islands, the water descend- 
ing about twelve feet near the lower end, and about nine feet near the 
upper end of the island. The fall near the upper end of the Island 
No. 5, is due to the occurrence of a rather soft and fissile layer of the 
slate immediately below (i. e., down stream,) a harder part, the softer 
part having been torn out faster than the rest. At the large rock 
island, east of the upper end of Island No. 5, the dip of the formation 

is 27° S. E. 

There may be other dykes, not visible on account of their crossing 
the river under water entirely and entering the banks where they are 
hid by drift-wood or by standing trees and bushes. The dyke rock 
wears away faster than the formation that they cut. 

The rapids below all the islands (on Sec. 15,) are over boulders. 
These rapids continue on between the islands to the foot of the fall 
which is on Sec 10, at the head of Island No. 3, the island itself cut- 
ting the fall into two parts, the greater part running to the east of the 
island. Six or eight rods below the foot of the fall begins the second 
island. Island No. 1 begins still further down stream and is cut by 
the section line between 10 and 15. This last is a very small island, 
having but three large pine trees, (though several small ones,) and 
seems to consist of boulders, and rises but two or three feet above the 
water. Island No. 2 rises twenty feet above the river, and is wholly 
covered with pine, with a few birches and cedars. A high drift-bluff, 
(227 feet,) causes the current here f o turn rapidly toward the southwest, 
uniting with that which passes down the west side of the west island. 
Just above Island No. 6* is the wildest and most tumultuous portion 

♦The inlandfl nnraber « instead of 6. They are wrongly represented on the townshiplplata. There — 
alBO a n amber of rock islands. 
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of the river, where it comes nearly along the strike of the slate. The de- 
scent here, in about a quarter of a mile, must be about torty feet. There 
is no regular fall, but a rushing and foaming torrent, dashing from side 
to side of the channel, cut and parted by the jagged protrusions of the 
highly dipping slate, which by its variations of hardness forms troughs 
that alternate with sharp and angular ridges. The dip of the slate, 
which sometimes rises in the middle of the river twelve or eighteen 
feet, and is very conspicuously disposed, varies from thirty to forty- 
eight degrees to the S. and the S. S. E. The former dip is to the S. 
and the latter to the S. S. E., the slaty cleavage being nearly perpen- 
dicular all the time. The grand bedding of the slate is in thicknesses 
of fifteen to twenty- four inches, but there is also a thinner bedding 
which is in layers of a few inches. Perhaps the heavier beds would 
show a finer bedding if favorably weathered. 

The roar of this river here is greater than that of St. Anthony Falls, 
and it seems equal to that of Niagara. It is continued over so long a 
distance that the multitudinous dashing seems to make as much atmos- 
pheric commotion as the single plunge of a large stream at Niagara, 
and to be comparable to the roar of an extended beach-line. It can 
be heard for sveral miles, and is like the rumble of a heavy freight 
train on the railroad, for which it is apt to be mistaken at first, as it 
comes with the changing currents of wind or is echoed on the bluflFs. 

462* Fine-grained dyke-rock, from a dyke crossing the river at the 
mouth of the creek coming from the north on S. W. i Sec. 10. It is 
above the foregoing rough and jagged portion of the river channel, 
visible only on the shore. It is less durable than the hardened slate. 
It is about thirty feet wide. 

463. Rock similar to the last, from a dyke eight feet wide running 
N., about 15° E.. on N. E. i of the S. E. i Sec. 9, T. 48, 16, crossing 
the river. 

464. From a dyke cro$sing the river a short distance above the last 
in the same direction, but thirty feet wide. 

About thirty feet above the last appears to be another narrow dyke 
about six feet wide, but no certain pieces in place can be seen on the 
north bank. It shbws as a gorge in the slate on the south bank. It 
is situated about ten rods below the small island in the river seen on 
the S. E. i of Sec. 9, and about five rods above is another of the same 
uncertain character. 

At the island on the S. E. i of Sec. 9, T. 48, 16, the river is very 
rough as it separates and plunges among the rocks. The strike of the 
slate is nearly in the direction of the river. The island itself is made 
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of a kuob of hardened slate, with a few trees, and the beds that have 
a strike on each side of it stand up in the channel like inverted plows, 
and cause the water to twirl along on one side for a few rods or feet 
when it leaps over, or rises and falls over like the turf on the coulter, 
and runs into another trough from which it escapes in the same way^. 
Thi^ takes place on each side of the island, but is particularly inter- 
esting and beautiful near the head of the island on the north side. 
Below the island^ in the main channel, it then repeats this operation 
as it makes its way through other troughs. Generally the whole river 
is divided into several such troughs, but in a few places it is all 
embraced in one ^rapid chute about twenty-five feet in width; along 
the sides of which there is a boiling return current up stream, as the 
central current plunges and foams downward. I think there is noth- 
thing in the State that surpasses several of the scenes along thi» 
river. Norwood says the upper falls are indescribably beautiful, but I 
do not see how they can exceed these. Above this for half or three- 
quarters of a mile the river is more tame, but still constantly rapid, 
and impassable even for canoes, with frlequent ridges of slate along 
shore and in the channel. 

Just at the head of the island, and on the south shore, is an inter- 
esting irregularity in the layers of the slate. They first appear horri- 
zontal, or rise gently from the water to horizontality. Then they 
bend downward, and even dip slightly northward, toward the river; 
then are suddenly deflected upward, but return to horizontality, when 
they again begin to dip into the river. This apparent change of dip is 
to a large extent only apparent. The beds still reall}^ dip south, the 
appearance being due to undulations of the strata, as viewed against 
the strike, combined with a jointage which breaks off so as to leave 
smooth planes sloping northward. 

466. The slate formation from the railroad cut, N. W. i S. W. i 
Sec. 9, T. 48, 16. Tough gray, firm rock, hardly showing any ten- 
dency to slaty cleavage, finely arenaceous. 
466. Siliceous slate, quartzyte, from the falls, center of Sec. 8, 48, 16. 
Near the center of Sec. 8, is another fall of twenty-two feet, the 
river coming directly across the slate range from the N. W. , the slate 
striking E. and W. The beds here dip 33i° toward the S. S. W., 
swinging round to the S S.E. , and being then in a dip of 39 to 43°. This 
highest dip is seen at the narrows, where the water crosses the strike of 
the heavy beds. At these falls the rock appears less slaty than usual, 
though occasional similar layers of more siliceous rock occur mingled 
with the slates at points lower down the dalles. Here arc heavy sili- 
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ceoufl layers that require for the formation rather the designation of a 
quartzyte than a slate. Yet it is slaty, and breaks with the cleavage 
easier than against it. The rock here is also accompanied with depos- 
its of white quartz, which is like that seen at Little Falls, and cracks 
up like that. The quartz deposits are seen to be rather veins than 
foliations, though they follow nearly the direction of the slaty 
-cleavage. 

The strike of the slate hills in sections 9 to 4, (48, 16,) is east, 10° 
north, and the dip is from 46^ to 60° toward the south, and the slaty 
cleavage runs almost east and west. 

467. Rock of the dyke at Thomson bridge. 

468. Rock adjoining the dyke at Thomson bridge. 

The river at the railroad bridge over the St. Louis is running in the 
course of a dyke of igneous rock, about twenty-five feet wide. This 
being more jointed, and at the same time more easily rotted and disinte- 
grated, has caused the gorge through which the river passes under the 
bridge. The walls on either side being of hardened quart zitic slate, 
are much more durable. This dyke is visible in the bluff facing the 
l)ridge down stream, and the rock is coarse and gray, but it is nearly 
lid by its own tumbling debris, while the slates stand up firm from 
«ixty to seventy feet above the river. The dyke has a direction N. N. 
Jl., but is some crooked. 

There is an island, also of hardened slate and quartzyte, in the river, 
Tisible from the bridge. This is due to the existence of another frac- 
ture in the formation which runs southwardly nearly to the bridge 
when it unites with the larger dyke; but just as it meets the 
larger d3'^ke, the intervening slates were so finely, and so entirely met- 
amorphosed, that the hardened mass has formed still another island 
-(in very high water,) on which a pier of the foot-bridge rests. There 
is no evidence of this second smaller dyke except the gorge and the 
^ liardened slate walls. This gorge that forms, with the larger gorge, 
the two islands, continues northward a short distance in the north 
tank of the stream, but there is so much fallen drift and quartzyte in 
it that no igneous rock can be seen. The dip of the formation is 46^°. 
Half a mile northeast is a large dyke, sixty feet wide, which comes to 
the river between Thomson and the railroad bridge. It runs at an 
angle of forty -six degrees with the strike of the slate and quartzyte 
tills, but it is much more easily destroyed than they. 

469. From near Miller's Mill, north of Thomson, a quarter of a 
mile. This is from a bed of harder, non-slaty, gray quartzyte, belong- 
ing to the formation. It weathers nearly white from feldspathic 
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ingredients, and from the abundant quartz, so as to look much like the 
trachytes of the western territories, but within is much darker. This 
bed is eleven feet thick, and in some places is eonglomeritic. It has 
filaty layers on each side of it. It is massive, but parted by seams of 
white quartz, some of which are four inches thick. These seams 
wedge out lenticularly, and diagonally across the beds. The same sort 
of quartz veins are in other parts of the formation. Indeed, white 
quartz deposits are quite frequent in all kinds of seams or joints, or 
cleavage openings. The feldspar of this rock is triclinic and the ridge 
is faulted, the east side being moved south about twelve feet. (V. 
Nos. 310, and 418, and 505). 

470. Slate, quarried for roofing, near Miller's Mill. This is black 
and of even, fine grain. 

471. Slate like the last, from another old quarry. 

472. White quartz, from a heavy deposit, forty rods above the rail- 
road bridge, where the county road crosses the river, in the right bank. 
It is embraced in the slate, and its manner of occurrence is exposed 
on the side toward the river. It coincides in direction with the slaty 
cleavage. Near the top, the deposit is nearly ten feet thick, N. and S. 
T)ut standing vertical it runs but little distance downward. It can be 
seen to run out, almost entirely, about twelve feet below the top, 
•something like the roots of a tooth running into the jaw below the 
crown. It is not coincident with the bedding, nor with any system of 
joints, biit stands perpendicular. It extends E. and W. conspicuously 
about ten rods. It is crossed by a narrow dyke, and it is faintly ex- 
hibited on the wall of a slate-ridge further west, and at a level twenty- 
five feet higher. Along the river channel where the water sweeps it, 
one large root runs below the water with a width of nearly two feet, 
and also another of six inches, but the greater part of it pinches out 
within ten feet of the top. At the place of deposit of this quartz there 
rseems to have been an anticlinal locally formed in the slate formation, 
and the opening produced by the upheaved fracturing was afterward 
billed by quartz, some of it also collecting in other openings, the whole 
standing in nearly a vertical position. All about here is evidence 
of much displacement and crumpling, but rarely Is there seen so evi- 
•dent a dip toward the north. The quartz is milky white, and mainly 
massive, but sometimes shows a splintery cleavage in the direction of 
4;he slates. It is jointed, and disintegrates by falling out in blocks 
which are distributed down the river, and once probably furnished 
«tones for the quartz conglomerateJ(No 449.) As to minerals, this 
quartz contains galenite, pyrite and siderite. 

2 
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473. Pyritiferous gray quartzyte (?) ; from the ridge along which 
the large quartz vein (472) is visible. The pyrite is scattered in per- 
fect cubes, sometimes three-fourth inches across, and occasionally an 
inch, through the rock. The most of the cubes are about the size of 
peas. The rock is like No. 469, but finer, and has siderite as well as 
pyrite disseminated finely through the whole, the former becoming oxi- 
dized at the surface. 

In some of the quartz veins which cross the strike diagonally, par- 
ticularly in rock 469, and 473, which veins die out and are replaced by 
others a little further to the right or left, lenticularly, the white quartz 
has been iutercrystalized with siderite, which on weathering changes 
to haematite, and then washes out if wholly free to the air, leaving a 
gashed appearance among the q.iartz crystals when exposed. On deep 
fracture, when not thus exposed, the siderite is preserved — and in 
other places can be seen passing into haematite. 

474. Dyke rock, near the Northern Pacific Junction. This dyke i& 
thirty feet wide. The average dip of the slate formation in S. W. i 
Sec. 6, T. 48, 16, is 57 deg. to the S. 5 deg. E. West of dyke rock, 
No. 474, which is a little east of Paine'ssaw mill, are other dykes, par- 
allel to 474, one being still nearer the mill, on the east side, and one 
west of the mill. They all run about N. 5 deg. E. (compass), with a 
slight variation a little east or west of that, and they all consist essen- 
tially of the same kind of rock— a greenish gray doleryte. In both re- 
spects they are like those seen crossing the river below Thomson. 

475. Doleryte from the most westerly of the above mentioned 
dykes — one of the triclinic feldspars appears porphyritically in this, 
wcich is not common in the rock of these dykes. 

Up Otter Creek, two or three miles west of the Junction, there is 
said to be a large exposure of rock, like that at the Junction. It seems 
then to continue on to Moose lake, where it is again seen thirty miles 
south of the Junction, and causes a rough and more elevated tract of 
country. On the road to Twin lakes, about a mile south of the Junc- 
tion, there are three or four ridges of slate. 

Northward from the Junction, along the Knife Falls railroad, a num- 
ber of cuts in the rock display its character and position. Cut No. 1 
is about three-fourths mile from the Junction and is in slate that dips 
south at about the usual angle. There is a little ridge further north, 
and on the west side, that has a much higher dip to the south — about 
seventy -five degrees. Cut No. 2, which is nearly a mile iurther north 
is in a hard, gray, massive quartzyte, which has joints running in 
various directions, and shows no dip, but in a small slate outcrop along^ 
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its northern side there is sign of sedimentation dipping about 45 deg. 
S. (as usual.) The same dip can be seen in a parallel slate range on 
the west of the road nearly opposite this cut. This quartz3'te range is 
high, long and conspicuous toward the east, but to the west it soon 
ceases. The slate range on the west also is short, and the surface set- 
tles down to a valley in which there is a stream, with a high 
timbered plateau on the north side. 

Cut No. 3, about two mileS' north of the Junction, is near this high 
land, but the road bends east at the cut so as not to go directly toward 
it. (See No. 505.) North and west of the Junction are numerous 
slate ridges which are not struck by the railroad. 

T-e river below Thomson is filled with rapids and falls all the way 
to '^Bridge No. 5." There are four spots, in particular, where there 
is valuable water power: — first, near bridge No. 5, where the river in 
a short space is divided into various channels, by six islands that occur 
between its banks. Three of these islands are above the fall and three 
are below, but there is also a considerable fall above island No. 3 
(numbering from below) extending to near the head of island No. 6. 
This whole fall is fifty -five feet. The existence of the islands and the 
widening of the river, as well as the extent through which the fall is 
carried before it reaches rather quiet water again, are favorable for the 
improvemeut of this power, and i:s utilization. But a short distance 
above the head of island No. 6, is the second fall, where the river is 
narrow, but has the rock formation of the country in conspicuous 
strike along each bank confining the water like artificial dykes, within 
troughs which run somewhat obliquely across the course of the river, 
and rising in knobs and rough islands (with constant dip toward the 
S. E.) in the midst of the river itself, sometimes eighteen or twenty 
feet. This condition of the river extends from near the bead of island 
No. 6 to the dyke (No. 462 above), which is near the mouth of the 
creek that crosses the railroad on the N. W. i of Sec. 10, and the fall 
here, which may be called cascade No. 2, amounts to sixty-five feet. 
There is then a gradual ascent of twenty -five feet among the rocks to 
the foot of the fall at island No. 7, and of twenty -five feet more in get- 
ting round the island itself, where the river is divided and beautified 
by the disposition of the slate ranges as already described under No. 
464. This is cascade No. 3. Above this the river is more steady in 
descent for one-half mile, when there is a widening of the channel 
near the mouth of a little creek from the north, wnd a fall of about six 
feet over one of the harder beds that protrudes above the rest. This 
goes diagonally across the stream. There is then a similarity in the 
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stream to and beyond the ''retaining wall'' of the railroad, a distance 
of nearly a mile, through which there is actually a steady ascent, 
amounting in the aggregate, from the head of cascade No. 3 to the foot 
of the Thomson Fall, to seventy feet The Thomson Fall is regarded 
as beginning near the 133d mile-post of the railroad, (near the center 
of Sec. 8) and extending to the large island on Sees. 5 and 6. That 
part of it below the mouth of Otter creek which joins the river near 
the railroad bridge south of the railroad, extending a distance of nearly 
a mile, is thirty feet, and is caused by the strike of the rock going 
directly across the river, causing it in several places to be suddenly 
contracted in width to twenty or twenty -five feet, through which 
narrow passages the river rushes with some fall and a swift current. 
The most of the fall is near the foot of the distance stated, but there 
is an irregular rapid and rocky river all the way up to the railroad 
bridge that cannot consistently be subdivided, though it is more rocky 
at and near the mouth of Otter creek. That part above the mouth of 
Otter creek, extending to the foot of the large island, is thirty -five feet. 
The greater part of this is near the foot of the island, but the river is 
a rushing torrent, in a rough narrow gorge, sometimes split by islands, 
all the way from the first fall to the creek. The total fall from the 
brink of Knife Falls to the water at the foot of the lowest falls, N. E, 
i Sec. 15, T. 48, 16, by ameroid, is five hundred feet, with an esti- 
mated descent of fifty feet more to the level of Lake Superior. 

476. Rock from near the river, south bank, about a mile above 
Knife Falls. The same formation, with the same dip and outward as- 
pect occurs along here. It extends at least to the village of Cloqaet, 
the direction of the slates being E. 10 ^eg. S. inclined to the south at 
an angle of 75 deg. or 80 deg. Along the river are occasional low slate 
exposures. The islands are caused by low slate elevations. 

477. From the same place as the last; coarser, similar to that near 
Miller's Mill. (No. 469 ) 

These rocks are in some places cut by slaty cleavage. They are 
rather firm, but have a grain running in the line of the slaty cleavage 
(476), but in other places (477), it is not affected by cleavage, but is 
cut by joints running in all directions across it, so that there is a sem- 
blance to dip toward both the south and north. The slaty cleavage 
goes diagonally across the jointage systems. After a careful study the 
dip is made out satisfactorily to be toward the south. Between this 
place and the Indian Reservation, which is a mile above 'Tose's," the 
country is covered with drift, and timbered heavily. At Pose's the 
bank is about one hundred feet high, and apparently consists wholly 
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of drift. Usually there is a belt of swampy, clayey alluvium between 
the drift banks and the river, about six feet above the present stage of 
the water. The river is very quiet above Pose*s to the little island 
known as Pine Island, three miles above, where there is a fall of about 
eight feet in a tumbling rapid, the most of the descent being below 
the island. No rock in place is visible at the island — only boulders, 
of many varieties, chiefly like the Rice Point rock at Duluth. The is- 
land has a covering of tall pine trees. The country is not hilly, only 
moderately undulating, with considerable good pine. The long, nar- 
row island at Pose's is low and not rocky, or stony, even, but sandy 
and clayey. The lower islands are rocky. 

478 Represents the last rock on the right bank of the St. Louis 
above Knife Falls. This is found on the south bank nearly opposite 
the foot of the island known as Homestead Island, very near the same 
place as No. 477 and 476, but further west This is firm, gray, 
crystalline, with translucent grains as if of quartz, also having rusty 
specks when weathered, as if from oxidized siderite or pyrite. This, 
under the microscope shows in thin sections that it is one of the 
arenaceous members of the formation. This is an important rock- 
horizon. It seems to run further east, and also to extend under the 
river, forming the islands — at least such layers occur in the strike of 
the island^, and also form the brink of Knife Falls. It varies a little, 
becoming more like the rock at Miller's Mill, (469), than 478 is. 

This is supposed to be Norwood's '*last rock," which he styled an 
igneous rock, or doleryte, (his No. 454), having a direction nearly 
north and south, crossing the river nearly at right angles. This rock 
has translucent grains (which may be his supposed nepheline) but it is 
certainly a part of the formation and strikes east and west. 

479. Rock from the brink of Knife Falls, similar to No. 477, a gray 
quartzyte. 

480 From the brink of Knife Falls, finely crystalline, with minute 
grains of quartz visible in thin section. There are places in the for- 
mation where there is a change in the crystalline character, a greater 
frequency of joints, a finer grain, a loss of cleavage, and other features 
that accompany the metamorphosing proximity of a dyke, but where 
no dyke-rock can be seen. This sample seems to be from such a place. 

At Knife Falls the descent is fifteen feet altogether, and about six 
feet perpendicular. 

On the island first above Knife Falls the dip is N. 25 deg., forming 
an angle with the slaty cleavage which dips S. about 85 deg., and fre- 
quent joints cut the strata. The rock at this point is slaty in the di- 
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rection stated, but the real slatiness does not appear as soon as a 
coarser slaty lamination which, on the surfaces of opened jointage 
planes, is in layers about one and one-fourth inch thick and looks like 
a bedding of sedimentation dipping almost or quite parallel with the 
slaty cleavage. 

481. Slate, from the point above described. The piece has the lines 
of supposed sedimentation crossing the slaty cleavage as noted. 

Just below the point of the last observation, which is where a small 
channel crosses the island in time of high water, is a nice little fall of 
about five feet, in the channel on the north side of the island, the 
channel itself being about twenty feet across. This rock is firmer 
than the rest of the formation here, and consists of alternations of 
argillaceous slate with a slaty cleavage, and a gray quartzyte. This 
quartzyte has translucent grains like the rock of 479. Here the dip is 
plainly 48 deg. S. 3 deg. E., the alternating quartzyte and slaty layers 
being: a sure indication of what the dip is. This observation negatives 
the last note in regard to dip, the structure there supposed to be dip 
(illustrated by No. 481), being due to a former slaty cleavage, or to a 
foliation, or to a striation produced by friction, or to what? The 
water crosses the strike at an angle of about 45 deg. , where it passes 
over these beds. There are ten beds of argillaceous slate that do not 
(with one exception of a bed of about three feet) exceed eighteen inches 
in thickness, some being but about six inches, alternating with hard 
and gray quartzyte layers which have a little greater average thickness. 
These layers strike to the north of the main falls in the south channel, 
and appear on the east end of the island below the falls. The slate 
beds have a perpendicular slaty cleavage, but the quartzyte beds have 
no cleavage of that kind, but are variously jointed. The slaty cleavage 
gradually fades out in the quartzyte beds, firmly cementing them with 
the slaty beds. Many of the joints of the quartzyte pass through the 
slate beds, particularly^ those that run at right angles to the strike. 

482. From the above slaty layers. 

483. From the above quartzyte layers. 

484. Samples showing intermediate characters. 

At the real Knife Falls, which are on the N. W. i of the S. W. i 
Sec. 13, T. 49, 17, and face toward the north, the brink running ex- 
actly east and west, the dip is 48 deg. toward the south, and the rock 
consists of alternations of slaty layers with graj^ quartzyte, exactly as 
ast described for mumbers 482-3-4. But there are here two very 
prominent and persistent beds of the gray quartzyte, one of which 
forms the brink of the falls, while the other is fortv feet below the 
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falls, and lies immediately over the section of beds represented by Nos. 
482-3-4:, or is separated from them by an interval of twenty or twenty- 
five feet occupied by the same sorts of rocks as those. This lower 
quartzyte bed forms a spit of jointed rock that projects eastward just 
below the falls. Along the banks, both on the island at the west end 
of the falls, and on the main at the east end, immediately below the 
falls, there are heavy beds of gray quartzyte which seem to be as dur- 
able as the rock in the brink of the fall, but they have not resisted the 
water so well as those further down, just mentioned. They rise, how- 
ever, higher in the banks, especially at the east end. The rock over 
which the water plunges has a basaltiform jointed structure about at 
right angles to the dip, but no characters of undoubted igneous rock 
can be seen, nor evidence of igneous action in the form of dyke-rock. 
Yet, just at the west end, even west of the little island that is in the 
fall and cuts it into two parts (the little island and the west channel 
make about one-third of the whole) — there near the west end of the 
little channel the rock is closely jointed in a direction N. and S. (or 
nearly) and hardened, becoming fine-grained, these characters also 
striking the spit running east from the main channel. This dyke-like 
appearance has -n width of about four feet, and although it is in a low 
spot across the spit where sometimes water flows in a high stage of the 
river, yet it forms a little island in the rocky channel just in the brink 
of the falls 

485. Is from this fine-grained rock which has the manner of a dyke, 
though it does not show the mineral characters of the dykes that cross 
the formation. This belt runs N. and S. as above described. In thin 
section this rock proves to be granular and finely arenaceous, and 
hence a part of the country formation. 

486. From the quartzyte spit below the falls. 

487. Slaty alternations in the spit below Knife Falls. 

488. Gray quartzyte, similar to 478 and 469. 

This is from the north channel, from near the lower end of the third 
island (not counting the little island in the brink of the falls) and is 
north of that called Homestead Island. The rapids are twenty rods 
above its first exposure, which is much greater than on the south shore 
where 478 was obtained. These heavy, gray quartzyte beds, although 
they differ widely from the most of the formation, having a massive 
and jointed outward aspect, and thus resemble the dykes of true igne- 
ous rock, have not the composition of the dolerytes. Further, they run 
E. and W. insiead of N. and S., and are interbedded with slaty layers. 
They could not be mi:jtaken for dykes wherever their stratigraphic rela- 
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tious are visible. In this place no other rock can be seen. It extends 
along the shore about thirty rods (E. and W.) and does not vary. The 
main jointage system runs N. 3 deg. E. The rock gradually disappears 
among boulders some of which are very large, and yet seem to be like 
the same rock. They show, however, a little grain, or schistose struc- 
ture, approaching that seen in some of the slaty beds of the formation; 

489. Samples from one of these large boulders that seem to show a 
gradation toward the slaty beds. In rock 488 are veins of white quart:^ 
some being five inches thick. 

About fifty rods further up the north channel is a cross-channel, be- 
tween two islands, the water running north; opposite which, and im- 
mediately below, in the middle channel, are seen other rapids and much 
rock in place. The surveyors' plat of the river about Knife Falls i» 
quite faulty. The islands are all represented as one, and the river 
seems to have but two channels instead of three. This rock shows a 
slaty cleavage running E. and W., which has a dip to the north, or i& 
nearly perpendicular. It belongs to the formation of the country. 
South of this rock exposure, which forms a rapid place crossing the 
middle channel diagonally, is Homestead Island, or island No. 5. The 
rock is very like that forming the falls, but probably lies below it, as 
it is a little further north. In these rapids is a little rocky island, ris- 
ing about eight or ten feet above the river, having three or four grow- 
ing pines and cedars. These rapids are higher up the river than Nor- 
wood's "last rock." 

490. An arenaceous, somewhat slaty, har<l, gray rock, from the 
rapids in the middle channel, north of island No. 5, near Knife Falls. 

491. From jpear the same place as No. 490, and related to it in posi- 
tion, in the same manner as the spit of hard rock below the falls is to 
the rock in the brink of the falls, i. e. in a conspicuous strike parallel 
and thirty or forty feet further north; a firm gray quartzyte. 

492. Doleryte, from large boulders at the rapids at the head of is- 
land No. 4, scattered about as if from a large dyke in place near, but 
cannot be seen in place. 

493. Gray quartzyte from boulders apparently derived ftvom the rock 
in place near. The rock of the formation is in place at this point. 

494. Rock from one of the firmer beds of the formation about one- 
half mile below Knife Falls, at the river bank. 

Below Knife Falls in the first quarter of a mile there is a descent by 
rapids, of about twenty feet. The river then turns SE. The water is 
still rapid, and has a broken cascade over boulders at one-half mile, 
with a fall of about three feet. The rock is exposed constantly from 
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Knife Falls, the precipitous walls rising, at the cascade just mentioned, 
to the hight of twenty -five feet. 

At a quarter of a mile below this is a fall of about seventeen feet in 
three hundred teet, there being no perpendicular fall. There is a divi- 
sion of the stream into four channels by the strike of five different per- 
sistent beds in the tormatiou, the water running in the strike ot the 
intervening beds, the hard beds forming islands in the falls. The 
width of the river at the brink is about two hundred and thirty feet» 
and a dyke of about two hundred feet crosses the river just at the head 
of thefall. This dyke is destroyed by the river faster than the rock 
itself, owing to its frequent jointage ; and the most rapid descent of 
the water is over the hardened beds of the formation on the east side 
of the dyke. 

495. Bock from the two hundred feet dyke at the falls above men, 
tioned. This dyke runs N. 5 deg. E., and is of a firm and fine grain" 
though principally feldspathic. The dyke is finely jointed and easily 
shattered by the frost. The dip of the formation is S. 60 deg. 

About one-fourth mile below this fall the river turns about south, 
so as to go directly against the strike of the rocks. The banks increase 
in height, the dip increases in degree, and at three-fourths of a mile fur- 
ther, there is a high rocky island (Fortress Island) from the foot of 
which a portage trail sets out to Knife Falls, on the west side of the 
river. The larger part of the stream passes on the left of the island, 
the descent being eight feet over large boulders. At this place the 
rock of the country is wholly slaty; and although a short distance 
above the island there is a gradual change in dip from 60 to 70 deg., 
and then to 90 deg., as the river exposes the beds, yet in viewin-y the 
island from the N. W. down stream, there is, besides the slaty cleav" 
age, a qoarse bedding or jointage system visible on the east side of the 
island that seems to dip about 45 deg. S. E. At a distance the island 
itself, in its perpendicular walls, covered with a red lichen, cut by 
joints that cause the slates to fall away in masses, looks like a basaltic 
island of igneous rock. But there is no igneous rock in it. It rises 
fifty or fifty-five feet above the water, and is covered by small pines, 
among which are many Norways. The actual bedding either coincides 
with the slaty cleavage or dips S. E. at about 45 deg. This is an in- 
teresting spot. The appearance of the island reminds one of basaltic 
Staffa, but of course its structure does not illustrate that. The banks 
of the river are not so high as the island, but on the east side the rock 
rises fully as high a short distance back. Below the island the valley 
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is deep and has high, slatj^ walls, the water being steady for at least 
half a mile. 

The portage trail which sets out here, going west, is that traveled 
by Norwood, and by the explorers and geologists that preceded him. 
Duluth was probably the first white man that passed over it. It leads 
to the Mississippi and to Vermilion lake. Douglass Houghton traveled 
it with Schoolcraft, and with Lewis Cass. It was the outlet for the 
immense fur-traffic of the Upper Mississippi region. The name 
**Knife Portage,'* by which it is usually known, is well applied, be- 
cause where it starts, and for some distance, the slates are thin, per- 
pendicular and sharp like knives. 

496. The rock of the conntry, from the beds in situ at the head of 
the uppermost of the chain islands above Knife Falls, (same as 493.) 
This was got by Mr. Terry on making a re-examination of the rapids. 
He reported no dyke in place there. 

497. From near the middle of the central channel, a short distance 
above the head of the uppermost chain island, gray quartzyte, (Terry.) 

Mr. Terry also found similar rock in place near the head of Home- 
stead Island, but a little on the north side, in the central channel, 
which seems to be really the **last rock*' to be found in the St. Louis, 
until reaching its higher tributaries. 

498. The rock of the country from one hundred and fifty yards 
above the fall where 495 was obtained. (Weitbrecht.) 

499. Rock immediately overlying 498. (Weitbrecht.) 

500. Slate from just below the falls described under No 494. 
(Weitbrecht ) 

501. Doleryte dyke-rock, center of Sec 19, 49, 16, right bank of 
the river. 

Below Fortress Island, where the first little rapid is seen, a dyke 
crosses the river about N. and S. It is forty or fifty feet wide, and is 
best exposed in the right bank some rods below the rapids. It is rep- 
resented by No. 501 This dyke api)ears again thirty rods further 
down, and can be traced for half a mile along the right bank, to and 
beyond the floodwood. The direction of this dj^ke carries it across the 
railroad, near Paine's mile at N. P. Junction. 

The river i-^ then tolerably slow to and beyond the cluster of small 
islands just below the floodwood (hence named Floodwood Islands,) 
The floodwood now is a floating jam, in length about the same as the 
width of the river, six hundred feet, with a few alders on it, and is 
wholly above the islands, the lower end of it being about 1,200 feet 
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above the islands. There is, however, a considerable other floodwood 
lodged about the islands and sunken between them. 

The river is then slow and broad down to three other islands (not 
rep;'esented on the surveyors' charts) below which it again soon de- 
scends over rapids caused by boulders, about two feet. Here the river 
is broad and shallow. Then appear two islands represented in the S. 
W. i Sec. 30 Between the larger of these and the right bank of the 
river is another rapid descent about three feet, over boulders. The 
rock of the country, however, closely underlies, as shown by an out- 
crop a few rods west of the right bank 

At about a mile above **Cut No. 3'* (N ) on the grade of the Knife 
Falls railroad, mentioned under No 475, a creek crosses the new grade. 
At this place there is a cut in the rock on each side of the bridge. 
That on the south side is short and about four feet high, while that on 
the north side is about nine feet high, and extends about one hundred 
and twenty feet. In the south cut the slaty cleavage dips to the south, 
but is nearly perpendicular. In the north cut it is also nearly perpen- 
dicular but dips to the north. The sedimentary bedding is not dis" 
cerned. There are belts of lumpy, white vesicular quartz, coincident 
with the slaty cleavage, <which lenticular lumps are surrounded by a 
greenish slippery coating that often appears slickensided. These belts 
are sometimes wholly of quartz, and are continuous for some feet, and 
reach five or six inches in thickness. They seem to be the result of 
foliation coincident with the direction of the original sedimentation. 

At the next cut which is about one -fourth mile further north, the 
depth is five feet, and the slaty cleavage dips slightly to the north. 
The cut extends about four an5 one-half rods. The rock is wholly 
slaty, and no sedimeutary structure is observable unless it coin sides 
with the slaty cleavage. 

The road runs over water-worn boulders, with much corduroy, with 
no soil, nearly to the creek mentioned Then there is a filling, then 
occasional fills and shallow cuts in a little stony loam, with large 
boulders, the country being clothed with swampy varieties of trees. 

Just beyond the point where the road strikes the drift bluffs of the 
river, another cut in slate-rock appears, the cleavage dipping north, as 
before, and including conformable layers or folia of white quartz, in 
varying quantities This is a firm slate, suitable for roofing, like 
much of it throughput the country. A short distance further are two 
small cuts in slate# In the northern one the slaty cleavage is different 
in different parts contiguous. The most of it dips toward the north, 
at an angle of about 45 deg , but in the midst of it are two belts that 
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run from the top to the bottom of the cut, in which the dip is aboat 
80 deg. toward the north. This cut is thirty feet long and six feet 
high. Further N. W. the road runs on a dirt fill on the slate ranges 
about a quarter of a mile. The rock can be seen and shows heavy 
bedding dipping toward the south about 45 deg., the slaty cleavage 
crossing the bedding with a dip of about the same amount in the op- 
posite direction, the cleavage showing a tivist out of the normal direc- 
tion as it passes the joints from bed to bed. The whole aspect of these 
^idges is light-green. 

At half a mile further is a long cut in greenish slates, perpendicular, 
or at the north end slightly dipping to the north, and at one-eighth 
mile further another small cut having the same features. Two more 
small ones appear before reaching a dyke which exposes a width at 
least of thirty feet. It appears on the N. E. side of the road and runs 
apparently, E. N. E. It is cut by the grade to the depth of about 
three feet, with a slate cut immediately south east of it. At half a 
mile further another dyke of similar character is seen near the Knife 
Falls. It is in place by the N. E. side of the grade, and was slightly 
cut in the grading. Its width and direction cannot easily be seen 
owing to the forest. 

502. Gray doleryte, like No. 501, from the dyke last mentioned. 
One other cut in slate appears beyond the dyke about a quarter of a 
mile, but showing only on the north side, though frequent ranges of 
slate appear along the grade on both sides, rising six or ten feet. 

503. Gray doleryte from the E. N. E. dyke before mentioned, ap- 
parently the same as No. 502. 

504. Gray quartzyte holding slate-pebbles, as if conglomeritic, 
about two and one-half miles from the Junction on the grade of the 
railroad, situated between the **Cut No. 3" and the creek mentioned 
after No. 501. This quartzyte hardly has any cleavage, but shows a 
lamination in lamina^ about an inch thick, which indistinctly appear 
on shattering the rock by blasting. These have a high angle of dip 
toward the north, across the bedding, which dips south at about the 
same angle; and they are probably the product in this quartzyte of the 
same operation that caused the slaty cleavage in the slates. Although 
styled quartzyte, here as well as in other places, this rock also contains 
a large ingerdient of feldspar which in No. 504 is partly orthoclose. 
In others, the feldspar has been seen to be, at least in part, a 
striated feldspar. The slaty pebbles in this rock are rounded, and are 
often half an inch in diameter, and occasionally are two inches long. 
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They are fine-grained, and resemble the'slippery coating that surrounds 
the quartz deposits mentioned under No. 501. 

505. At the long *'eut No. 3," mentioned under No. 475, there are 
several interesting features exhibited by the strata of the formation. 
This is nearly two miles north of the N. P. Junction. 

1st. In the north end of the cut the slaty cleavage dips north about 
80 deg., and in the south end it is nearly perpendicular. 

2nd. In the southern portion of the cut is a change in the forma- 
tion from slate to a gray arenaceous rock like Nos. 469, 478, 488, 491, 
493, 497 and 504, though it is not conglomeritic like the last; and the 
slaty cleavage on both sides of this rock is conformable with its sur- 
faces. This rock is represented by No. 505. It has somewhat the 
outward appearance of a dyke of igneous rock crossing the road in a 
zigzag course E 5 deg. N. It weathers nearly white and has a width 
of twenty-seven paces. 

3rd. This rock, (505) has no slaty cleavage, but a coarse jointing. 
The slate beds on the north side dip N. and on the south side they are 
about perpendicular. 

4th. On the east of the road, one-fourth mile distant, is a high hill 
of rock of this kind, and near the north end, on the west side, the 
ridges show a twisting in their strike, or a quaquaversal thr<. w, so that 
the E. and W. slaty cleavage crosses them diagonally, the ridges bear- 
ing S. E. and N. W. 

5th. Hence the slaty cleavage came after the tilting of the forma- 
tion, and keeps its E. and W. course whatever the direction or amount 
of the dip. 

6th. The hill of this rock, above mentioned, is east of the road less 
than one-fourth mile. It is an isolated knob rising about twenty -five 
feet above all the other ridges. It is about circular and five rods over, 
with a broad rounded top. It seems to be a sudden augmentation of 
No. 505 among the slates, and its connection with No. 505 in cut No. 
3, can be traced connectedly. The course of 505 is about toward the 
rapid in the St. Louis, three quarters of a mile above the Big Island in 
the river near Thomson. 

506. Large sample of slate, showing the slaty cleavage crossing the 
sedimentation, from one mile north of N. P. Junction, Knife Falls 
railroad. 

Along the east side of the Big Island near Thomson, the ranges 
cross the river, causing rapids, and a descent of about ten feet in 
twenty rods, the most of it being in the lower ten rods. The river 
here runs against the strike, and the channel is narrowed as below 
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Thomson suddenly, to about thirty feet. The rock dips 45 deg. N. 
and stands up conspicuously along both sides of the channel, the slaty 
cleavage dipping 45 deg. to the south. There is then comparatively 
still water to about the middle of Sec. 31, (south of it a little), where 
the rock again causes rapids and a descent of six or eight feet. 

507. Gray, slaty quartzyte, ** just across the north channel at the 
head of the second rapids, on Homestead Island.'' (Terry.) 

508. At the extreme upper end of Homestead Island, at the very 
point, higher up than any rock along there before mentioned; a gray 
quartzyte, with visible grains of quartz. (Terry.) 

509. Some rods east of the heail of Homestead Ishiml. on the north 
side, about one hundred rods west of the head of the rapids that there 
run across to the other islands; a gray quartzyte. (Terry.) 

510. Slate from the very foot of Homestead Island, below the rapids 
last mentioned. (Terry.) 

The Chain islands, here so designated, are often known as Green Is- 
lands, from the man who preempted them. The "Grand Rapids,*' of 
the St. Louis begin one-half mile above Pine Island, Jiud continue five 
or six miles. The water then is comparatively quiet to the mouth of 
the Cloquet. Just below its mouth is a large rapid. (Mallmann.) 

Downward section of the red sand rock and shales at Fond dn Lac* 

1. (443.) Red sand rock, quarried at Fond du Lac. This begins 
above the level of the railroad grade and extends downward through a 
thickness of (estimated) 50 ft. 

2. Dark red shale 18 ft. 

3. Shaly sand rock, less firm and siliceous than No. 1, 
(changes gradually to the next) 12 ft. 

4. Red shale, with some sandy beds 30 ft. 

Ascending the river, here it turns south, and as the dip is to the S. 

or S. E. the saud rock No. 1 is brought again into sight in the banks 

of the river at the extremity of the point, and in the opposite bank of 

the river. This is about one-half mile west of the state line. No. 4 

again occupies the low river bank (north bank) above the point, after 

it turns west again, for ten or fifteen rods. It has some beds of light 

color, a few inches thick, such lighter colored beds being* coarser. 

After a short distance of no visible rock, the underlying beds appear, 

viz. : 

Ft. In. 

5. Fine conglomerate light 6 

6. Red fissile shale 8 

Also sec Nos. 443 to 449. 
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7. Light colored coarse saudrock, or fine conglomerate.. 8 

8. Red fissile shale 4 6 

9. Fine conglomerate (Hght) 5 

10. Fissile red shale 3 

11. Fine conglomerate (light) 3 

12. Fissile shale, with green spots, some beds ripple- 

marked 14 

13. Fine conglomerate 8 

14. Fissile shale 3 

15. Fine conglomerate 2 

16. Fissile shale 3 

17. Fine conglomerate 4 

18. Fissile shale 4 

19. Fine conglomerate 1 

20. Fissileshale 3 6 

21. line conglomerate 1 6 

22. Shale and shaly sandrock, with laj^ers of light green, 

seen 14 

The bluff here is about twenty-two feet, (of exposed rock) for about 
thirty.five rods, below the creek that comes under '^Bridge No. 1," and 
for about ten rods above, the opposite bank having no exposure. 

Ft. In. 

23. Light red sandstone. . - 3 

24 Fine red conglomerate ± 6 

25. Shaly sandrock, red 10 

26. J'ine red conglomerate 3 6 

27. Red shale and shaly sandstone; makes a dark band... 9 

28. Lighter colored sandrock 8 

29. Green shale 6 

30. Red shale and shaly sandrock 9 

31. Fine conglomerate, with some thin layers of shale 4 

32. Sandrock, mottled and striped with cross-sedimenta- 

tion 5 

The mouth of the creek coming under Bridge No. 1, is on this sand- 
rock. 

33. Fine conglomerate; the middle of this has pebbles an 

inch across, but is finer above and below 7 

34. Shaly sandrock, with specular specks, as if micaceous 

or haematitic. This extends but few feet, and 

pinches out into fine conglomerate 8 

35. Fine conglomerate 10 
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36. Fine shale 4 

37. Fine conglomerate.... 2 

38. Shale 2 

39. Fine conglomerate, light-colored 6 

40. Sandstone, light-colored and red, with horizontal bed- 

ding; pinches out in fine conglomerate in twenty 

feet :. . 1 2 

41. Fine red conglomerate v^ith false bedding, passing be- 

low into a coarse, light-colored sandrock with false 

bedding 3 6 

43. Red,crumbling conglomerate, coarser below, with some 

pebbles of two inches 7 

43. Shale, with green spots and some conglomerate 1 6 

44. Firmer, lighter colored conglomerate, inclosing beds 

of shaly sandrock which have cross-sedimentation. 3 

45. Fine green and red shale T 

46. Coarse shale 1 

47. Fine red shale. Of thih, but one foot can be seen at 

first; but as No. 44 strikes across the river form- 
ing a little rapid, and shows its place of beginning 
on the right bank, the section is easily continued 
on that bank. The stream here runs nearly at 
right angles to the strike, and a bluff rises about 
eighteen feet on the right bank consisting of Nos. 
41, 42 and 43, or beds like them. Large blocks of 
No. 44 lie along the river, in the talus on the left 
bank. In these blocks are mainly pebbles of white 
quartz; then jasperoid and colored quartzytes; 
then arenaceous quartzyte of a red or pink color; 
then pieces of a greenish slate, and rock like the 
Thomson slate rock. The pebbles are generally 
under an inch in size, and the surrounding mater- 
ial is also a fine conglomerate 15 

48. Coarse, firm, light-colored pyritiferous conglomerate, 

sloping gradually into the water. This includes 
lenticular spots of shaly sandrock, and of red con- 
glomerate. For some rods the upper surface of 
this conglomerate forms the low shore and is 
washed by high water, dipping into the river at 
an angle of 8 deg. It then stops abruptly by a 
fault, and the shore is occupied by a red and spot* 



STATE GEOLOGIST. 33 

ted green shale like 47, of which the dip is more to 
the south. Where the conglomerate is broken oflFit 
is highly pyritiferous, and cemented into a com- 
pact rock, and at the ^ery fracture the whole is 
changed and vitrified, making a firm greenish 
quartzyte. In the bluffs on the opposite shore, 
(i. e. on the right bank,) may be seen four separ- 
ate faults crossing the red &hale andsand stone beds 
(apparently 41; 42 and 43,) from the top to the 
bottom. This is just opposite the point of fault- 
ing of the conglomerate on the left bank. After 
the abrupt disappearance of this conglomerate the 
left bank in ascending the stream is found to be 
occupied by a low exposure of layers of green and 
red shale belonging to some higher portion of the 
section, while the right bank opposite is a bluff 
with an average exposure of ten feet of rock, con- 
sisting of red shale and shaly rock, with varying 
dip. All at once the coarse conglomerate rises 
again, but not so suddenly as it disappeared, and 
forms the shore to the place where the slate for- 
mation is found underlying it unconformably. 
Where the conglomerate reappears it seems not to 
be faulted, but bent and somewhat broken upward, 
the shale- beds above also being somewhat bent and 
compressed, though maintaining a green color 
where in contact with the conglomerate. The 
change of level is about two feet, and it is ex- 
pressed on the opposite shore in undulations in the 
strata. It is about forty rods above this point 
that the slates first appear under the conglomerate, 

estimated 60 ft. 

49. Coarser conglomerate, containing ubout the same ma- 
terials as the last, except the layers of sandrock. 
Dips S. E. or S. S. E. 7-10 deg. The white quartz 
pebbles are sometimes six or more inches in diame- 
ter. Some are of gray, or even a black jaspery 
quartzyte, and some are pieces of the underlying 
slate, showing the slate must have hardened as slate 
prior to the deposit of the conglomerate. On the oth- 

3 
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erhand it is to be noticed that a roughly slaty man- 
ner of disintegration passes upward into the con- 
glomerate from the slates where the weather has 
acted on the two at that horizon, the pebbles and 
cement falling oiBF in slabs or lumps that are elon- 
gated in the direction of the slatiness of the slates 
and parallel with them, as if the cause that oper- 
ated to produce the slatiness had taken eifect since 
the deposition of the conglomerate, and had re- 
sulted m a similar structure in the overlying 
rock. In this conglomerate are pebbles of gray 
and black jaspery quartzyte which much resemble 
the great quartzyte of the boundary line, seen at 
Pigeon Point, and really can be referred to that 
formation. This seems to imply that that forma- 
tion, which, with its jasper beds overlies the slates, 
should come in between the conglomerate and the 
slates, but for some reason is wanting here. The 
conglomerate at Grand Portage Bay may have that 
relation. (V. No. 254.) In some places a layer 
of green shale lies between the conglomerate and 
the slates. It is a foot thick. The coarse pebbly 
quartzose conglomerate has an estimated thick- 
ness of 100 ftvr 

The overlying finer conglomerate is often red. 

Total observed thickness of the Potsdam at Fond 

du Lac is therefore 412 ft. 4 in^ 

By making a general trigonometrical calculation, with an average 
dip of 6 deg., and a hypothenuse one and one-half miles longj from 
Chamber's quarry to about half way between bridge No. 1 and No. 2, 
where the conglomerate begins, the thickness of the red sandrock and 
shale is found to be 883 feet. To this must be added the coarse cou' 
glomerate. . 

From Duluth to Silver Islet and Beturn. 

511. At a point in the bed of Miller's Creek, just above the high- 
way bridge near the \ section line of 32 T. 50, 14, 424 feet above Lake 
Superior, this sample was obtained. Tte rock, which is gabbro 
associated with fine red syenite, extends indefinitely up stream. 
It is jointed conspicuously N. W. and S. E. like a dyke. It is in some 
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places speckled finely with red feldspar, and in others it is crossed by 
veins of red feldspar, so^ie being an inch in width and others very 
thin, somewhat resemblinu; the rock at the old quarry of Maj. Newson 
at Duluth. Below the bridge is a rapid descent over rock of the same 
sort, in which the formation shows a coarse bedded structure, and 
dips E. at an angle of about 25 degrees. TJie left bank of the creek 
rises perpendicular about 23 feet, and the right slopes up gradually 
with the dip of the rock. The summit of the gap through the. hill 
range is 607 feet above lake Superior. This is about a mile beyond 
the crossing of Miller's creek. 

512. N. E. i Sec. 25, T. 50, 15. Along the Herman town road oc- 
casional exposures are seen, rising above the rolling surface of gravel- 
ly red clay, of which this is a sample. It is a heavy, gray trappean 
rock with so much magnetite as to disturb the needle. Land of Peter 
Benson. 

513.- Rice Point gabbro, from a cropping on the N. W. i N. E. i 
Sec 27, T. 50, 15. 

514. S. W. i Sec. 22, T. 50, 15, (near the center of the quarter), 
land of John Mallmann. Here is an unusually magnetited bed of the 
rock of the country. It can be traced along about 200 feet, having a 
width of about 20 feet, as exposed* in low ground, bearing E. 10° N. 
It lies 5 rods to the north of another series of croppings of rock like 
No. 513. On the opposite side of a little creek, north of this number, 
is also a line of outcrop of rock like 513. No. 514 controls the needle 
entirely. It is dark, but specked with porphyritic crystals of labra-, 
dorite. The center of Sec. 30, T. 50, 14, is the highest point in the 
hill-range, on the Herman town road, and is 747 feet above lake 
Superior. 

Reviewing the rocks between Minnesota Point and Kinichigaquag 
creek one is compelled to the conclusion that they are mainly sedi- 
mentary; f. e., in the sense that they were deposited in water and 
in that way received their stratified arrangement. They dip S. E. 
They also exhibit some of the characters of igneous rocks, viz. : their 
amygdaloidal structure, their color, their hardness, and an occasional 
wrinkled surface, that was formed by the fluid condition of the rock 
when flowing down an incline. The last characteristic particularly 
seems to prove that some of the beds were molten. On the other hand 
they show nearly all the characters. of sedementation — parallel lamin- 
ation, dipping in a constant, or nearly constant, direction, cross-strat- 
ification, variation of texture and color as well as mineral composition 
in the direction across the bedding. Whether they lie, stratgiraphic 
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ally, above or below the sandrock at Fond dii Lac is solel}^ a matter of 
speculation, so far as the evidence here has any bearing. 

There is a red sectile rock (Nos. 18, 19 and 30) that shows conspicu- 
ously along here, between Duluth and Chester Creek^ which may have 
been driven by semi-fusion, and bj' igneous injection into the open- 
ings, &c. , of the lower part of the igneous rock that forms Rice Point, 
and thejhills back of Duluth. This is on the supposition that the Rice 
Point rock lies over the Chester Creek bed, and is in keeping with the 
fact that a red feldspathic rock occurs in patches in Duluth, and is in 
seams in the Rice Point rock at Newson's quarry. In that case the point 
of outflow of igneous rock was further to the northwest, and the lava ran 

over the broken beds toward the S. E. Before the full force of the 

# 

igneous overflow is met in passing N. E. along the coast, the sedimen- 
tary beds occupy the coast except where, bj" dykes, or by interbedding, 
or by local outflows, the trap rock is found in its place. This indi- 
cates that during the period of deposition the igneous disturbances 
were going on, and that the semi-igneous nature of the beds may be 
due partly to the proximity of the igneous vents which would not only 
give an occasional flow of truly igneous rock, but would furnish a sedi- 
ment quite diflerent from an ordinary oceanic deposit. Ordinarily the 
sedimentary beds have a reddish color, but in the neighborhood of Ches- 
ter Creek, and in Duluth some of them are greenish. The trap-rock 
seems to take a bluish green color along the shore. Occasionally a 
hardening of the sedimentary' beds is produced so as to form a rounded 
point or promontory, or a sharp rock}' point. Without such harden- 
ing the sedimentary beds usuall}' are less dura^ble than the trap-rock. 
In some cases, still, there is so close a mingling of igneous and sedi- 
mentary characters it is wholly impossible to decide, on the spot, 
whether a rock be igneous or not. 

515. At Sucker river (V. No. 89). A fine-grained igneous rock, 
which crosses the mouth of the river. But it runs N. E. instead of 
N. 5° E. 

516. Forms the bed of the stream, and appears like a bed of lava^ 
being not jointed regularly, but smooth and massive, with pot-holes. 
This disintegrates into globules and rots to a great depth before fall- 
ing away. It is heavy, dark green, and almost black when wet. In 
the stream are many pieces of prehnite-amygdaloid with a little native 
copper. These must have come down the stream from a belt which 
runs from French river southwesterly, back of Crystal Bay, and N. 
E. to Sucker river. 

East of Stony Point, which is the east point of Sucker bay, the 
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rock forming the immediate shore is an overflow of heavy dark trap 
which extends to Knife river; but within the bay east of Knife river 
are amygdaloids and purgatories for a mile and a half. Thin clay 
hides the rock, except occasionally, to the west point of Agate bay 
where begins about the same series of amygdaloids and non-amygda- 
loids as seen near Knife river, extending round the point and along 
the west side of Agate bay. Thus the rock from Stony Point to 
Agate Bay is all igneous. There is a similar alternation on the west 
side of Burlington Bay. (V. Nos. 94-102.) 

517. Fine-grained trap, bedded, from the foot of the high bluflF at 
the north of Gooseberry river. (V. 108.) 

518. Trap-rock, top of the low bluff at the south end of the beach 
at Gooseberry river, containing amygdules of chalcedony. Furnishes 
some of the pebbles, and all of the agates of the Gooseberry beach. 
This rock slopes into the water, and where it is constantly under the 
action of the waves, and partly decayed, it is reddish, like the pebbles, 
but the pebbles mostly come from another bluff. 

519. Agates, taken from the rock at Gooseberry river. At Goose- 
berry river is a high beach (25 ft.) of red gravel, extending from rock 
to rock (from 517 to 518), facing east, thrown up by the counter 
action of the current of the river against the easterly storms on the 
lake, which not only sweep the pebbles along the beach toward the 
west, but prevail with great violence in the spring and fall months. 
It is 300 paces long. In the red gravel of the beach are numerous 
chalcedonic agates, derived from the rock of the place. The bluff at 
the north end of the beach is about 75 feet high, and at the soutll end 
it is about 10 feet. In each case the rock slopes E. S. E. down to the 
lake, and below the water. They were once probably connected, 
forming a continuous sloping surface of trap-rock. The lower part 
of the bluff at the north end is bedded, and more jointed, but is fine, 
grained and firm. It is probably igneous, and seems to contain con- 
siderable chrysolite. The upper part contains chalcedonic amygdules, 
and is trappean. It decomposes in globuliferous parts, and is spotted 
by them before decay, the general color being a dark or bluish green. 
The whole bluff is trap and 75 feet thick. The beach is red with a 
few blue pebbles. The red gravel is finely amygdaloidal, and cannot 
come from the trap. The globuliferous decay is not noticeable in 
rock at the east of the bluff", near the water, perhaps because the 
erosion wears it away too fast. 

The lower part of the high bluff' at Gooseberry river, a short dis- 
tance east of the. river, is amygdaloidal with laumontite, and crum- 
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bles out faster than the overlying trap, causing the fall of large blocks 
from the top of the blulF. . 

The beds 517 and 518 occupy the coast exclusively (except one or 
two amygdaloidal beds,) with short intervals of red pebbly beach, to 
about one mile from Splitrock river, when a bluff rises from the water 
in a bay (No 110) and continues eastwardly. This bluff is the source 
of the red pebbles at Gooseberry beach. It is finely porphyritic with 
red feldspar, and seems also to have fine grains of calcite and quartz, 
as well as a few green amygdules. These, weathering out, produce a 
pitted water-worn exterior. The rock does not crumble, but goes to 
pieces in a multitude of small fragments which strew the beach and 
make the gravel. It greatly resembles the rock at Crystal bay (No. 
78) and also the Palisade rock (Nos. 138 and 139), but is less firm than 
the latter. Its disintegration in angular bits in the bluff, by frequent 
divisional planes (not properly a jointage) is exactly like the Crystal 
Bay rock, but here it contains no large geodes of calcite, as there. 
It has the appearance somewhat of underlying the trap of Gooseberry 
river, but it actually overlies it. 

520. Sample of the above rock, one mile west of Splitrock river. 

520. A. — Sample of ca^cite-laumontite, from a vein in No. 520. 
The westerly end of this bluff seems to show that it rises from 

under the rocks 517 and 518 with a strong dip toward the W. S. W. 
perhaps 40 degrees, but this westerly dip is not due to sedimentation 
tilted in that direction, but to a transverse jointage. It is so intimate- 
ly jointed and angular that the original bedding, by which a deviation 
of dip is to be ascertained, is nearly obliterated. 

521. Is an irregular thrust-up rock, appearing in the beach near 
the west end of 520. Its bedding is distorted. It almost appears con- 
glomeritic, but the lumps and nodules that appear in it are due rather 
to crystalline aggregations, imperfectly formed. Some of its firm 
parts appear like the metamorphosed greenish quartzyte seen under the 
conglomerate near bridge No. 5 above Fond du Lac (V. after No. 510, 
in the Sect ion of the Red Sandrock at Foni du Lac (Sub. -No. 48). But 
in the midst of this green are thin red (vitreous?) laminations that 
resemble in form, but not in color, the translucent streamed( ?) inter- 
laminations seen in No. 140. It is essentially a part of No. 520, but 
modified by some closely contiguous igneous agent. (V. 816). 

Toward the east the bluff (520) shows horizontal bedding one, two 
and three inches thick, and the red rock passes inland among cedars, 
balsams and pines. At nearly the same point a lower trap-rock 
appears in the beach, being the same as that forming the little island 
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opposite the bluff, 520, since it can be traced connectedly from the lit- 
tle island — by the shallow water — directly to the the foot of the red bluff. 
This lower trap holds a gray amygdaloid about 8 feet thick, and its 
lower beds run in the gravel beach, nearly to the Splitrock river, the 
chief exposure being just at the point, and 15 feet high (V. Nos. Ill A 
& 111 B). The red pebbles at once disappear, except that a few, mixed 
with the gray, are seen even at the mouth of the Splitrock, brought 
down the river and distributed westwardly. Where this lower trap 
appears in the little island it is agatiferous, at least has concretionary 
masses of quartz a foot or more in diameter, as well as other dark 
masses, 384 ft. in diameter. The geodic quartz cavities have few ame* 
thystine crystals. In this respect this trap bed seems to resemble the traj) 
at the top of the bluffs at Gooseberry, instead of being another layer. 
In some places this is finely amygdaloidal, on the island, but generally 
heavy, compact, angular, and dark colored. These parts are irregu- 
larly mixed, and sometimes surround each other, as if in concretions, 
or as if one had been mixed in the other as a matrix. 

Splitrock Point exhibits a novel and interesting geology. While 
the large feldspar mass seems to be in place, and to have furnished 
the smaller pieces embraced in basaltic trap toward the S. E. and E. 
it is highly probable that it is itself a transported mass. The 
oblique basaltiform structure of the trap shows it was molten and the 
feldspar was not. The feldspar is not basaltic, only coarsely jointed. 
This feldspar rock has a close resemblance to the Rice Point 
granite. It seems also to be older than the sandstone and conglomer- 
ate beds along here, and not to pass into the trap layers that are so 
conspicuous along the shore. There is a constant dip toward the S. W. 
in passing along here, and finally the feldspar rock seems to come to 
view as if lower than all. There is trap near the water, at the 
base on the east side. This continues, and shows oblique basaltic 
structure which slopes N. E. and a bedding that dips S. W. (V. 112 
and 113.) 

Immediately across a little bay east of Splitrock Point, and on the 
north side of the bay, at the foot of a high bluff (175 ft.) of Feldspar 
rock which stands a little inland, is an exposure of a dark-red, frequent- 
ly jointed, rock. It is somewhat amygdaloidal, and especially near 
the top of the bluff, and seems to be a slightly altered condition of 
No. 520. It shows only a short distance (6 rods) and dips N. N. E. 
about 30°. It is darker red than No. 520 on fresh fracture, but the 
joints .that give color to the bluff are lined with lighter red. It is 
probably also one of the shale beds of the formation, if not the lowest. 
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It is cut square off, and is immediately replaced by the obliquely bas- 
altic trap (No. 524) which embraces masses of feldspar rock. Here the 
trap rises 50-75 feet above the talus of fallen pieces as the bluff 
extends east. 

522. From the foregoing reddish-brown rock near its point of con- 
tact with the basaltic trap, near the top of the bluff, in the bay first 
north of Splitrock point. It here becomes darker, denser and firmer, 
and also amygdaloidal, bringing it to the characters of the rock that 
forms Two Harbors, the next point east. This seems to be another 
condition of 520, or beds like No. 520. In thin-sections it seems to be 
identical with the Two Harbor rock. 

523. From the base of the same bluff. Similar rock, but more red. 
The Two Harbor rock is No. 117. 

Just beyond Two Harbor Bay, (east) the relative superposition of 
Nos. 522 and 523, and their relation to the Two Harbor rock as well 
as to the Feldspar rock, can be seen. A feldspar bluff rises perpen- 
dicularly from the water about 125 feet. On the west of this bluff 
and in immediate contact with it, rises a basaltic trap bluff which is 
composed of the rocks. 

524. Is a basaltic dark trap, 75 feet thick — underlain by 522, 523 and 
the Two Harbor rock, in the order named — the Two Harbor rock rising 
but little above the water. (V. No. 112). 

Numbers 522 and 523 here show a sedimentary structure very 
evident, but it is in patches, and alternates irregularly with patches of 
laumontitic amygdaloid. 

525. Sometimes a sandy sedimentary rock is in immediate contact 
with and surrounds patches of the amygdaloid. In the sandrock^ 
which is of a. light color, blotched with red, are impressions of fucoids, 
(V. No. 817). 

On the east of this high Feldspar point there is a huge pudding 
stone of trap and feldspar for a short distance, and then under it a 
short exposure of No. 520 just as the bay begins. This last rises 
and runs inland, and the Two Harbor rock makes the immediate shore 
through the bay to the third high point, which is composed of a sud- 
den upheaval of both the 520 and the Two Harbor rocks, the latter 
being basaltic and making the high point. (V. 119). 

526. The knob of rock at the west side of Beaver Bay is of a crys- 
talline red rock, feldspathic and firm. The green trap embracing the 
feldspar masses abuts suddenly upon it, from the west, and so ceases. 
This probably is the same rock as 119, and 520. 

527. Sample showing the union and welding of the feldspar mas 
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at Beaver Bay with coarse trap inclosing it. It is not thus welded 
generally, so far as visible, but is loosened fron the trap. 

528. Slaty, gray quartzyte, at the mouth of Beaver Bay creek. 
These samples are from the rock at the very mouth of the creek. It 
also runs back from the creek toward the west. Its abrupt and isolated 
outcrops will not permit any satisfactory identification of its horizon 
or its place in the shore series. (V. 127 and after 816). 

529. (No. 1 to No. 6). Series of changes from trap rock to soil, 
Beaver Bay : 

(1). Unchanged traprock, heavy and coarsely crystalline. 
(2). Iron-shot and jointed trap-rock. 
(3). Showing incipient decay. 
(4). Crumbled trap-rock. 
(5). Gravelly, earthy soil. 
(6). Loam, soil and turf. 
These are produced by the rotting of the trap-rock of the country, 
on the promontory where no other ingredient contributes to the soil^ 

530. Finer, dark trap, of the same general character as that which 
covers the country, but finer grained, magnetited, and perpendicularly 
basaltic, having a coarser grain in a dyke-like belt (2^ feet wide) run- 
ning E. and W. This rock contains patches of red rock like No. 526 
and within two rods, after a short interval not exposed, the rock No. 
526 is seen in full force forming a bush-covered bank. The patches 
are as fragments or boulders, generally, but some patches do not ap- 
pear like transported masses, but like dykes and veins. This is from 
the bay one-half mile west of the knob which is represented by 526. 

531. Sample of the above narrow dyke -like belt, which is similar 
to No. 529, but seems to contain free quartz. The general dip of the 
rock 528 is to the east, as seen in passing inland, and along the road 
to town, so as to throw it, if continued, under the rock of the promon - 
tory. 

532. Reddish, and sometimes greenish, trap-like rock, surrounding, 
or embracing pieces of the feldspar at Beaver Bay. This rock is 
similar to rock No. 526, at least in some of its parts. The feldspar 
masses have the appearance of having been carried in this rock, or to 
have been in situ when it was deposited as a sedimentary rock, and 
subsequently to have suffered the metamorphosing forces with it. (V. 
No. 816.) 

533. Rock of the great palisades. (V. 139.) 

At the point that encloses the beach of gravel at Little Marais, a 
red pebbly conglomerate is seen running under the basaltic trap (No. 
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160) that makes the point, but separated from it by about two feet of 
amygdaloid that bears white thomsonites. This conglomerate must be 
that seen a short distance below Baptism river (155). The Sawthuth 
Hills, a spur of which runs out at Baptism Pt., run here still further 
back from shore, so as to bring the lower beds of any rock involved 
in them, at the shore along Little Marais. This conglomerate is also 
probably the real rock underlying the long stony beach extending for 
a mile or more above the point that is on the west of Little Marais. 

East of Little Marais, for a couple of miles, the coast is formed by 
the Little Marais trap, sloping rather steeply into the water. The 
underlying amygdaloid is exposed also. The conglomerate is some- 
times converted into an amygdaloid, and its true original character is 
hardly discernable. There are, however, red blotches that indicate 
the original pebbly character of the whole. 

These three parts : — 

1. Basltic trap-rock. 

2. Reddish amygdaloid. 

3. Reddish conglomerate. 

make a jagged coast, with sharp points and little bays, almost continu- 
ously rocky, to about a mile and a half or two miles east of Manitou 
river. They sometimes rise 40 feet perpendicularly from the water. 
There is a little harbor from S. W. winds about one mile east of Man- 
itou river. There seems to have been one grand igneous overflow here, 
just after the conglomerate, which is about 70 feet thick. The con- 
glomerate itself is amygdaloidal, and the whole is red. The pebbles 
also are amygdaloidal, and generally less than an inch in diameter, but 
some are 8 or 9 inches across. The amygdules are calcite, laumontite, 
and white thomsonite. Sometimes beds of conglomerate and amygdal- 
oid not conglomeratic alternate two or three times, and sometimes 
they blend or cross each other, showing no widespread variation in the 
nature of the conditions under which the whole was deposited, but 
rather indicating that at other points the whole would be found to 
be a conglomerate. 

534. Samples of red amygdaloidal conglomerate from 1 mile east 
of Manitou river. The same is seen at the mouth of Manitou river. 
At this point the strike of the trap passes some distance inland, form- 
ing a spur of hills that rise several hundred feet back of Pork Bay, 
with low tillable land along the shore. 

535. (V. No. 193). 

Thomsonite amygdaloid, from Terrace point, near Good Harbor 
Bay. 



STATE GEOLOGIST. 43 

535. A. — Thorasonites, picked from the rock at Terrace Point. 

535. B. — Thomsonites, &c., gathered from the beach at Terrace Pt. 
These pink thomsonites seem to have some of the characters of 

^dingtonites, as in a weak H. CI. solution they give a precipitate 
with sulphuric acid, which must be sulphate of baryta. 

536. Samples of the basalt rock, at Grand Marais, many of the 
small pieces being sections of the smaller basaltic columns. 

537. Bedded trap, from the west side of the point on S. W. i Sec. 
10, T. 61, 2, E. Similar to the trap at Grand Marais. (V. 211.) 

538. Red rock, similar to the rock of the Great Palisades. This is 
ihe first rock east of Cow's Tongue Pt. in the bay. (V. 212.) 

The rock of Fish Hook Point (No. 213) lies as an , overflow, and is 
visible under the water toward the west for some distance, cut also 
bj' dykes, some of which appear on the shore. 

539. Brown trap, with chlorite amygdules; similar to, if not the 
«ame as the Fish Hook Pt. rock, from a short distance west of the 
mouth of the Brul^ river, near the river. (V. 220.) There is no rock 
at the mouth of the Brul6, but a remarkable high beach, which shuts 
in a lagoon on the landward side. The pebbles composing it are of 
mixed character, some are red, from the red rock of the country (538), 
and some are blue or green, from the fine basalt or dykes, with amyg- 
daloid and porphyry pebbles. 

540. Coarse doleritic trap; a mile and a half east of the Brul6 river. 
This rock sets in immediately east of the Briil6 (No. 221), and forms 
the coast nearly continuously. At the point where this sa mple is got 
there is a little eastward facing bay, and a gravelly beach, but the 
same kind of rock is found on the east of the bay. This rock is light 
gray under the friction of the beach -gravel, but is black with rough 
lichens when washed only by the water. This rock seems to lie under 
the red rock which disappeared under the lake on the west of the 
Brul^. It continues to Horseshoe bay, on the west side of which is a 
basaltic blufi^ like that on the west side of Sickle bay. In the interval 
between these two bays the rock is occasionally interrupted by short 
re-entrant bends in the coast, where stony beaches largely made of 
the trap of the country are found, but the most of the distance is 
rocky and generally less than ten feet in heigjit. The bluff on the 
west side of Horseshoe bay is 60 or more feet high (V. No. 228). 

There is a high range of hills that run across the head of Double 
bay, rising apparently from the coast in spurs, one from the west side 
of Sickle bay, and one from the west side of Horseshoe bay. This 
range is short, as it can be seen for only three or four miles. The top 
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is of the rock No. 540, which probably lies under the red rock and 
over the Grand Portage slates and quartzyte. It seems to be the same 
as the basaltic rock that caps the hills of slate and quartzyte along the 
international boundary. The beach at Cannonball bay is of rounded 
stones of all sorts, but a little sandy patch is covered with iron sand, 
derived from No. 540 inland. The rock 540 is seen to run below the 
E. Palisades, or the "red rock," so-called, judging by the general 
topography and the prevailing trend of all the beds. As the trend of 
540 passes inland, a range of hills rises several hundred feet, extending 
N. E., the "red rock" occupying the low land between them and the 
lake, cut by heavy dykes of basaltic green trap. The Eastern Palis- 
ades have a short exposure just west of the mouth of Red Rock creek, 
rising gradually up from the water to about 25 feet, and then breaking 
off square and suddenly on the land side. They extend perhaps 150 feet 
along the coast in this manner, but are wider in a low exposure half 
covered with beach pebbles toward the west, at least 50 feet. The dip 
here is toward the southeast, but at Red Point, about a mile and a half' 
further east, it dips S. W., at an angle of 25° or 30°, showing the 
underlying trap again on the east side. Between the Palisade rock 
and rock 540 seems to be a firmer trap rock, or rock resembling the 
Two Harbor rock, which appears in the bay east of Red Point, where 
it is cut by dykes. 

The high range of hills that culminate in Mt. Josephine are made up 
largely of the rock No. 540. 

At Grand Portage Island is a section of the rocks just lower than 
the "red rock," which here seem to have been preserved and thickened, 
as well as hardened, by local inflows of trap. The island itself is elon- 
gated east and west, but not much. It is rudely elliptical in horizontal 
form. Its highest parts are at the eastern end, where the bluffs, that 
face north are about 100 feet high. There is a gravel spit th9.t is 
formed by the joint and opposite action of waves from the east and 
west as they whip round the sides of the island, jutting northwest 
from near the middle of the north shore, and from it a shoal ex- 
tends still further in the same direction. The beach shows foreign 
drift-boulders, as well as many varieties of rock from the island itself, 
among the former being various porphyries and granites. The only 
piece of "Winnepeg limestone" found on the "north shore" was found 
on the northwest side of this island, though a fossiliferous piece of 
chert was picked up at Good Harbor Bay. There are also pieces of 
dark, hornblendic rock, and of micaceous schist that do not occur in 
the rocks forming the island, as well as a good many fragments 
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of the **red rock." These last are so angular, and also^ so frail, that 
they seem not to have been far transported. They are perhaps from 
below the water of the lake south of the island, and are thrown up 
and brought ashore by ice and waves. Some of the "red rock" is 
I'ather sandy, and spotted with light brown spots, like the shale and 
sandrock of the St. Louis river, the spots being pink in the dark red. 
Some of the fragments are confused in structure as if crumpled, and 
are amygdaloidal; and some are harder and porphyritic, resembling 
the typical Palisade rock. The main beds of the island dip to the S. 
S. E. at a varying angle, and have an exposed aggregate thickness of 
134 feet, viz : 

541. At the N. E. corner of the island a dyke 10 feet wide cuts 
the quartzyte and conglomerate, running E. 10° N. by needle, without 
displacement of the bedding. It is a very fine-grained black, or blue- 
black rock. 

542. A layer of trap like No. 540, which on the east shore is 
basaltic, rising about 12 feet. This is stratigraphically the highest 
rock in the island - 14 ft. 

543. A chalcedonic amygdaloid, though the chalcedony 

and calcite amygdules appear specially at the south 

east end of the island, may be 20 ft. 

544. A curious, dark, heavy, globuliferous trap-rock, dis- 

integrating readily, the hard globules, which are 
of stony structure (not minerals) and nearly 
black, rolling out like shot, or bullets, and cover- 
ing the ground after the rest of the rock has rotted 
to a greenish soil. The rock itself is chloritic and 
dark green. This is in a belt crossing the island 
east and west, appearing some like a dyke, but is 
in reality probably an overflow like the next un- 
derlying. Indeed it sfeems to pass into the next, 
in some places, showing it is only a local phase of 
a larger bed. It is the last to run under the wa- 
ter at the west end of the island, and at the east 
end it is the topmost rock in the bluff. Its thick- 
ness may be 20 ft. 

545. A bed of fibrous green trap, passing through the 

center of the island and forming its highest parts, 
and also producing a long sloping beach on the S. 
E. side running under the chalcedonic amygdal- 
oid. In the center of the island it appears like 
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a burnt scoria or slag, due perhaps to the eflfect of 
Nos. 543 and 642, though these have been re- 
moved in the central part of the island appearing 
now only along the south and southwest shores . 35 ft, 

$46. Sandrock, even-grained, rather fine, light colored, 
but of a pinkish and purplish cast, firm and com- 
pact in regular beds of 10 to 18 inches thick 8 ft. 

647. Another bed of trap, like the dyke No. 541. This is 
sometimes brecciated, or finely and irregularly 
jointed, with white nodules of saccharoidal cal- 
cite 36 ft, 

647A. — Nodules of saccharoidal calcite from 647. 

548. Quartzyte, sometimes with mica specks between the 
beds, of a dark color, generally striped with red 
and brown, some of the beds being brown-red, 
with thin laminations, and some show ripple- 
marks 5 ft. 

649. A breccia, or conglomerate-breccia, the cementing 
rock being a quartzyte like No. 548, or arenaceous 
like a grit 16 ft. 

550. Near the dyke (No. 541) is another which cuts the 
beds, running E. 10° N. This is a little south of 
No. 541, and, is 34 feet wide sloping a little to the 
north. 

561. Another dyke crosses the S. E. comer of the island 
in direction N. N. E.by E. and is of a coarse 
doleryte. It is probably due to these dykes that 
the island exists, as by their intersection their ef- 
fect has been to harden the beds, and to present 
toward the east the apex of a triangle to ward 
off the waves of the severest storms. 

There must be, besides the foregoing, also the following 
nearly associated with them — although they do not 
appear any where in the bluflf soft he island — since 
they are seen in fragments on the beach. 

(a). A true pebbly conglomerate, or coarse grit, nearly 
white or of a light color. 

(b). A true conglomerate like (a), but containing pebbles, 
at least crystals, of red feldspar. 

fc). A conglomerate with few pebbles, but a green alum- 
inous, or chloritic cementing material. 
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The true place of these cannot be ascertained, but (a) is 
probably near the bottom of No. 546, as well as 
(b), and (c) resembles the shale and sandrock cut 
by dykes in the bay east of Red Point, (Nos. 232 
and 235), which must be just under the "red 
rock," and so probably belongs near the top of, if 
not wholly over, the foregoing section. Indeed it 
must come, in that case, from the lake, below the 
water. 

A generalized section of the alternating beds of the form- 
ation as they occur along here would be as follows 
in descending order : 

1. The Palisade rock, or the **red rock." 

2. Green shales, &c., in the bay east of Red Point, (Nos. 

232, 235, 238 and 239). 

3. Layer of trap like 540 (No. 542) 14 ft. 

4. Chalcedonic amygdaloid (No. 543) 20 ft. 

6. Fibrous, green trap striking E. and W. through the 

island and forming its highest parts. In spots it 
is globuliferous with hard, dark, strong, shot-like 
pellets about i in. in diameter, (Nos. 544 and 
545), 35 ft. 

6. Even grained sandrock (546) 8 ft. 

7. Trap bed, finely and irregularly jointed, with nodules 

of white saccharoidal calcite (No. 547) 36 ft. 

8. Quartzyte (No. 548) 5 ft. 

9. Conglomerate (No. 549) 16 ft. 

10. The rock No. 540, forming the great trap covering of 

the quartzyte hills at Grand Portage, 50 ft 250 ft. 

11. The slate and quartzyte terraces seen in the hills at 

Grand Portage, generally and along the interna- 
tional boundary as far west as the west end of 
Gunflint lake(estimated) 400 ft. 

12. The jasper and iron ore beds of the Misabi, and south- 

east of Vermilion lake. 

13. The micaceous and chloritic schists and slates of Ver- 

milion lake and the Dalles of the St. Louis river. 

14. The mica schists, granites and syenites of the region 

north of Gunflint lake, (V. after No. 753). 
This takes no account of the great labradorite range, which in some 
places forms the Mesabi, nor of the iron ore deposits of Mayhew Lake, 
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because they are apparently included in the rock Nos. 258 and 540, or 
in an immense outflow of molten matter at a date somewhat earlier. 

m 

(V. Nos. 695 and 816.) Nor does it mention the conglomerate of Og- 
ishkie Muncie lake, because that is apparently an incident of the slaty 
and talcose beds included in Sub. No. 13, nor the red granites of the 
region of Brul6 Mt. because they are probably a modified condition of 
the Palisade rock. 

Nine dykes are seen crossing Hat Point on the west side of Waus- 
waugoning bay, cutting the slates and quartzytes near the water, 
running a little northeasterly varying from 3 feet to 70 feet wide. A 
heavy dyke of basalt runs along the head of the bay terminating the 
bay in that direction. It cuts the slates, hardening and solidifying 
them so that their walls, broken and oblique, sometimes stand alone, 
appearing like other dykes. It runs on into the ''Cypress Swamp,'' of 
Norwood, and appears to be the same that forms little islands in the 
south arm of Pigeon Bay. 

552. Plumbaginous quartzyte, Pigeon Pt., near the trail to Parker- 
ville. Sec. 32, T. 64, 7. (V. No. 270.) 

553. Quartzyte, near the portage trail, at the north shore. 

The Grand Portage range of hills laps over another as it approaches 
Parkerville, and also gradually dies out, the Pigeon river coming 
through the low spot in the valley between them. The other range 
runs along the north side of Pigeon Bay, in Canada, turning a lit- 
tle northwest as it approaches Parkerville. 

554. The *'Two Harbor Rock," (?) from the east end of the island 
most easterly, separating Washington Harbor from Grace Harbor, on 
Isle Royale. This is more coarsely jointed than the Rock at Two Har- 
bor, and has somewhat the appearance of an imperfectly basaltic dyke, 
but as it develops a few rods further north* it appears as an overflow, 

t least it lies on other trap and amygdaloid. It forms a little boat- 
harbor where fishing shanties are erected. It is at least a fine-grained 
brown, trappean rock, and in this section seems to hold no free quartz. 
The south side of Grace harbor is of pebbles and stones, the pebbles 
derived from a red conglomerate that occasionally is seen in the beach, 
but which in the S. W. corner of Isle Royale is finely exposed. This 
red conglomerate is coarse, some of the stones being over a foot across, 
and dips for a long distance gently toward the south and southeast. 
On approaching the point in the coast nearly south of Siskiwit bay* 
the dip increases, and still more toward the entrance to Siskiwit bay. 
Above the conglomerate appears a red sand-rock, nearly a red quartz- 
yte, resembling rock No. 548 of Grand Portage Island. This has regu- 
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lar bedding, cut into cuboidal or rhomboidal blocks by divisional 
ripple-marked with some softer, shaly or hsematitic laminae, and with 
hsematitic lumps of shale more or less inclosed in the mass of the beds 
themselves. Some of these beds are about 30 inches in thickness, and 
some are less than an inch. These beds are firm and durable, blacken- 
ing under the waves like a trap, to which at a distance they have some 
resemblance. Its dip, color and bedding recall the red quartzyte in S. 
W. Minnesota, but it is rather less siliceous than that. In the same 
manner, however, it overlies a coarse pebbly conglomerate, which in 
the same way indicates its relations to the red quartzyte of Grand 
Portage Island and. of Pigeon Pt. peninsula (No. 290), as well as to the 
red sandrock and shales of Fond du Lac. 

At Grand Portage Island it appears that a trap inflow separates the 
red sandstone and shale formation into two parts, only a small portion 
being below the trap, the greater portion being out in the lake further 
south, while on Isle R 03' ale no such trap overflow divides it. 

555. Red quartzyte or sandrock from Siskiwit Point, Isle Royale (the 
point that encloses Siskiwit Bay). This has been quarried further 
west in the bay, on the south shore, and advertised in Detroit under 
the title "Isle Royale Brown stone," by Buchan & Co., 117 Griswold 
St. West from the point, on the south shore of the bay this rock 
stands out prominently, dipping from 10 to 20 degrees to the south, 
forming a jagged and rocky coast, having a perpendicular rise from the 
water the most of the distance to the first bay on that side. Altogether 
there must be three or four hundred feet in thickness of these beds, in- 
volved in the point that shuts in the baj'^, but they actually rise above 
the lake but about 60 feet. The former beds do not lie immediatelv on 
the coarse conglomerate, but are separated from it by a shale, which 
appears at the point forming the first little bay west from Siskiwit 
Point. This red r.hale, though appearing rocky, breaks with a sectile 
fracture, into a great many small pieces when strack with a hammer. 
It is bedded like the quartzyte, but is intersected by numerous gas^hes^ 
or gash veins, which are of a very different color, being greenish, or 
greenish gray, and about one-fourth to one-half inch wide and but a 
foot or two in length, running nearly north and south as they appear 
on the weathered surface, though some are irregular in direction and fol- 
low other cracks. These gashes seem to have been caused by the change 
produced in the rock by the gases escaping through fissures produced 
by the disturbance of the formation, rising from heated regions below, 
rather than by the downward effect of heat from trap overflows. This 
shale is the most destructible of the whole formation, and probably is 
4 
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mainly the cause of the low swampy land that intervenes between the 
head of Siskiwit Bay and the S. W. corner of Isle Royale. The con- 
glomerate itself is under the shale, and is more durable. 

556. Red, hardened shale, south shore of Siskiwit Bay, as above 
described. 

The same red conglomerate that forms the S. W. end of the island 
also forms the north coast of Siskiwit bay, and is the rock containing: 
the copper at the Island Mine, which is near the head of the bay. 

'557. Cupriferous conglomerate, from the Island Mine, Isle Royale 
near the head of Siskiwit bay ; this is also argentiferous. 

557 A. — Variety of pebbles from the conglomerate, 43 kinds. 

557 B. — Stamped rock and copper. Island Mine. 

558. Amygdaloidal dark trap, near the stamping mill of the Island 
Mine, Isle Royale. This is near the creek coming through the loca- 
tion. 

558 A. — Wernerite, from 558. This mineral has the following: 
chemical and blowpipe reaction : 

Blowpipe Reaction of No. 558 A. 

Fuses at 2 or 2.5, with intumescence. 

After fusion gives a quick alkaline reaction when moistened on turmeric paper. 

Gives no sulphur reaction on silver. • 

Salt of Phosphorous bead shows a skeleton of silica. 

H CI. solution does not gelatinize. 

H CI. solution gives no precipitate with Ba CI. 

H CI. solution gives slight precipitate with NH4 HO. 

In closed tube, B. B. gives no water or the slightest trace only. 

Fused and moistened with H CI. gives a copper flame. 

Some fragments effervesce slightly in H CI. 

H CI. solution gives no precipitate with S. O. 

Hardness 5 or 6 . 

Color, light, lilac-gray, or a pinkish white, or white. 

Structure, massive, or fibrous and divergent, the rays becoming separated, acicu- 
lar, tetragonal crystals. 

H CI. solution does not give titanium reaction with tin. 

Borax bead is slightly yellow from iron. 

H CI. solution does not gelatinize even after boiling. 

After fusion the H CI. solution gives no jelly. 

These characters bring the mineral between Wernerite and Cancrinite. The 
occasional effervesence allies it with Cancrinite, but its color and the tetragonal 
form of the fine crystals show it to be Wernerite. The effervescence is probabh' 
due to sometlung attached to the fragment. This mineral is in amygdaloidal cav- 
ities or irregular openings in the trap, some of the masses being two inches or 
more across. 
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558 B. — In 558 are veins of a green rock wliich is heavy and 
amygdaloidal with what also appears like Werrterirr. 

559. Trap that immediately overlies the oupriterous bed of con- 
glomerate, at the Island Mine. 

560. Trap that forms a bed under the cnpritorous conglomerate, 
known as the Greenstone Range where it rises t«» the surface further 
north. 

561. Decayed rock, or volcanic ash, so-chII»^<I by Norwood, from 
the cupriferous bed of the conglomerate. 

At the Location of the Island Mine, a beach, .ipjiirently formed by 
jamming of ice, is 95 feet above the water. Tht* mad from the dock 
to the mine runs on it some distance. Thep' arn other beaches or 
ridges, lower, some of them running somewhat trjui aversely across the 
intervening space. These are short, and mon* nvidently due to the 
jamming of ice. The 95 feet beach is the uppfM- limit of a strictly peb- 
bly surface; above that the surface being ono of loam and gravelly 
clay, or a stony loam, so that there may be said to be a soil. Below 
the top of this ridge, as well as wholly over it. there is absolutely no 
soil, — only red gravel and stones derived from thn conglomerate, with 
an occasional out-crop of the conglomerate itsf*lf. 

The; conglomerate slopes southward into tlie water of the bay all 
along the shore, but between the shore and tVie mine several trap 
and amygdaloid beds appear, having a bearing-, or strike, apparently 
in the direction of the coast, the whole of thern beijig near the mine. 
The location of the mine is from 250 to 300 feet above the lake, and 
about a mile north from the bay The shafting i.« iji the conglomerate 
rock lying between trap beds, and slopes towards the south with the 
dip of the formation. 

There is some coarse sandstone, or grit, disseminated among the 
conglomerate, some beds being a foot in thickness, but fading out to 
the right and left. • 

The mine is not now worked (1879) and has not been for a couple 
of years. There is not a man, woman or child here, but there are 
many houses, stores, shops, and offices, includin^^ a Court House, this 
being the county seat of Isle Roy ale county. Everything is deserted. 
The machinery is mostly still here. The cars, shovel, and various 
accoutrements lie simply abandoned. The mills are perfect, the en- 
ginery for stamping and washing the ore being still on the ground and 
in good condition. 

Toward the east from the dock of the Island Mine the coast is wholly 
occupied by the conglomerate, or by the overlying slate and sandrock, 
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as far as Wright's Island, but the beach much of the way is formed of 
drilt-brought stones. 

562. Trap, somewhat decayed, from a niche in the coast line, 
south of the eai^t end of Siskiwit lake. This is under the sandstone, 
but over* the conglomerate. It rises from the water with a dip to the 
south. It has involved with it irregular beds of a porphyritic, harder 
rock, and patches of epidoti3 green rock. 

563. The porphyry is finer than the porphyry of the pebbles of the 
conglomerate, but it seems possible that these porphyritic belts may 
come from a metamorphism of patches of that conglomerate holding 
such pebbles. The trap is confusedly bedded. The porphyry is also 
amygdaloidal, mottled with green and red-brown, with white calcite. 
At Chippewa harbor beds of sandstone and shale are between beds of 
trap, visible on both sides of the entrance dipping about 35 or 40 de- 
grees to the south. On the east side but one bed of sedimentary rock 
is visible. It has a thickness of perhaps 75 feet. The overlying trap 
rises perpendicular perhaps 45 feet. A little further west a trap rises 
from below the sandrock and shale, and west of that another lower 
bed of fine shale appears in the coast line, the last being about 10 feet 
thick. On the west side, near the entrance, are visible two beds of 
shale and sandrock, alternating with trap. The trap ccaitains frag- 
ments of shale and of angular quartzyte along a thickness of about a 
foot just over the shale-bed. The trap separating these beds of shale 
seems to be about 120 feet thick. That on the top of them, which 
also forms the coast line either side of Chippewa harbor, is also about 
100 feet thick, and over that is much more sandstone, forming islands 
off the coast five or six miles west of the harbor. Chippewa Harbor 
enters nearly at right angles to the strike of the rock-beds, but after 
passing the narrows it turns more southerly and passes along the 
strike behind the bluffs formed by the foreging layers. 

564. A white mineral from the trap at Chippewa Harbor, on the 
east side near the entrance, appears to be the same as the Wernerite 
from the trap at the Island Mine, but it has somewhat the appearance 
of pectolite. In this lot are also some green amygdules which are 
closely associated with the Wernerite in the rock. 

565. Calcite, from a mass on the beach, containing a green radi- 
ated mineral like prochlorite, also Wernerite, and a little quartz. 

566. From an amygdaloidal bed of trap that disintegrates, near the 
narrows of Chippewa Harbor. These green amygdules appear some 
like chlorastrolites, but they are probably some form of chlorite. 
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They have a radiating, fibrous interior, sometimes several centers in 
one mass. 

The trap-rock of Chippewa Harbor, without exposed sandstone, 
continues to the little bay next south of Conglomerate bay, known as 
Lucky bay, where the rock is of the same kinds and probably of the 
same horizon as Nos. 562 and 563. 

567. From Lucky bay; showing a passage from porphyritic trap to 
non-porphyritic. This porphyry is from the trap of the plac^hut it 
is in patches, or lenticular beds that are generally less th€afcJi foot 
thick, the mass of the rock being porphyritic ; but sometimes having 
a few amygdules of green chlorite. The face of the rock 4|^ws a 
spotted surface when water-worn and partly decayed like much of the 
trap of the north shore. 

568. Trap-rock, taken from the Saginaw Mine, near Conglomerate 
bay. 

569. Epidotic rock, from the Saginaw Mine, the same being the 
ore of the vein mined for copper. 

570. Amygdaloid containing calcite, chlorastrolite and. chlorite, 
from the rock at the light house at the entrance to Rock Harbor. 

570A. Chlorastrolites picked from the beach at Rock Harbor. 

570B. Green **thomsonites," chlorastrolites, &c., from Rock 
Harbor. 

Conglomerate bay has no conglomerate at the entrance, but toward 
the head of the bay it is found. The trap is crumpled and faulted be- 
tween Lucky and Conglomerate bays, and dip generally E. S. E, 

At the Siskiwit mine the work was on a vein of epidote and calcite. 
In the islands opposite is a bed of conglomerate, embraced between 
trap beds. 

571. Samples of trap and gangue rock, from Siskiwit mine. Rock 
Harbor. 

572. Trap rock from Scoville's Pt., Isle Roy ale. 

573. Radiated, white, fibrous, zeolitic mineral from the trap at 
Scoville's Point, picked up on the beach. 

574. Trap rock from the extremity of Black's Pt., east end of Isle 
Roy ale. 

575. Thomsonites ( ?) and other zeolitic minerals, from the beach of 
the mainland, north shore of Isle Royale, about two miles S. W. from 
Lock's Point. 

576. Prehnite and copper (some attached to the amygdaloid from 
which they come, from the little bay at the east extremity of Fish 
Island-. 



54 TKNTH AKNUAL REPORT 

577. Black oxiii»' t*i' copper, from the Miiiong mine, Isle Royale, 
attached to a large pi»*ce of the rock. 

578. ''Stamp or*^. " showing the nature of the rock in which the 
copper occurs. 

579. Shows an occasional form of the rock in nodules, also included 
in the ** Stamp ore. ' 

580. Coarse green amygdaloid, the cavities being filled with chlorite 
or with/J|odic quart/ with interior rosettes of chlorite, coated with 
green-r-iKie'amygdules ihaking up more than half of the bulk of the 
whole.X It^lso shows some calcite and some laumontite. This adjoins 
the copprt*-bearing ro«:k. 

581. Native copper, from the Minong mine. Isle Royale. 

582. Native alloy, arxd intimate mixture of copper and silver, Min- 
ong mine. Isle Royale. 

583. Native cop])er, with attached crystals of — ? 

584. Battered c(»ppHi;, found about the large masses worked by the 
ancients. 

585. Stone haiiim»:'rs used by the ancient miners at the Minong 
mine. Isle Royale. Th^se are generally rounded or oval pebbles of 
fine basalt, evidently transported from the north shore of the lake, 
where they got theii- form by the action of the waves on the beach. 
They are not withf^d'''. They are found in the debris about the old 
pits 

586. Wood, found in the ancient dumping heaps. 

At Silver Islet thn sliaft in 1879 was 720 feet below the level of the 
lake. The vein rjins about N. and S. in the slates and quartzyte of 
the region, and varies tvinn almost nothing towards the north to ten 
or twelve feet in its irreatest width, which is where it intersects diorite 
dykes running N. K. and S. W. (said to be E. and W.) The dyke is 
setoff where the vein crosses it, the east side being further to the 
south than the west. The richest deposits are near the intersection of 
the vein and dyke, Mini are accompanied with plumbago which has 
seggregated from tin- organic matter contained in the slates. The 
gangue-rock is a br»'c«;ia of slate, filled with calc-spar and quartz, 
though mainly calc-spar. The silver is native and is disseminated 
through saccharoidal calcite. It is also found in the galena, but in 
general the galena is: discarded. There are also blende and pyrite. 
This silver has been lately found combined in new forms with arsenic, 
antimony, &c., &c.. creating new mineral species— Hun tilite and 

•Seet*'e Pttpvlar Scien( • M"i>tidy Cor September, 1881, for hii account of these ancient miners, by 
the writer. 
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Animikite. The vein seems to have been enlarged in passing the 
dyke and charged with these minerals. The work is now being pushed 
north and south, in hope of striking other dykes. In the vein are large 
spar-lined cavities in which gas accumulates, (carburetted hydrogen) 
which has caused some trouble from its slightly explosive character. 
Water gathering in the mine is strongly charged with some gas, 
probably the same, but at the bottom of the mine in the **diorite*' 
rock, no water accumulates, and it is necessary to carry down water 
to serve the drill which is driven by compressed air, the same 
operation ventilating the shaft. The great deposits of native silver 
have been in near connection with the dyke, and the large cavities 
with calcite and galenit.e are in the same way related to it. The 
plumbago is along the hanging wall, and is closely connected with the 
''diorite'* of the dyke — indeed is permeated sometimes with igneous, 
rock matter. 

587. Calcite and galenite masses with crystalline points perfect. 
The galenite here is in octahedrons instead of cubes. 

588. Mass of octahedra of galenite. Silver Islet. 

589. Plumbago, Silver Islet. 

590. "Diorite,'' from the bottom of the mine, Silver Islet, 720 feet 
below the level of Lake Superior. 

591. Saccharoidal spar, which is the gangue-rock. 

592. Cemented breccia, from the vein. 

593. Igneous rock, from the vein. 

594. Slate, that incloses the vein. 

695. Cores of the diamond drill. Silver Islet, 

596. Stamp ore, with saccharoidal, flesh-colored calcite. Silver 
Islet. 

596 A. Huntilite, from the Silver Islet mine, an arsenate of silver, 
antimony, cobalt, &c. (Wurtz.) 

The following general section was taken at Silver Islet Landing. 
Some of these beds are seen only at a mile or two north from the lake. 
It is given in descending order. 

(1.) Mottled, red-and-bluff, fissile shale, checked and 
crumbling into small angular pieces; below con- 
glomeritic and lighter colored, siliceous limestone 
and chert predominating, ashy and loose 40 ft. 

(2.) Light-red dolomitic sandrock, some parts being red 

sandrock, weathering generally of a light color 35 ft. 

(3.) Siliceous conglomerate, with rounded pebbles. * 5 ft. 
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(4.) Greenish, withering dark, fissile sandrock, appear- 
ing at a distance like thin -bedded slate — really 
fine-grained and aluminous, apparently the top of 
the slate and quartzyte in which the silver occurs. 
The transition is gradual from a hard quartzyte 
and slate, near the bottom, to an arenaceous slate, 
through a greenish color which is first brownish 
and then reddish, thus getting the color of the beds 
higher still. Seem 55 ft. 



Seem total 135 ft. 

There is, presumably, slate to the thickness of about 50 or 60 
feet more, hid by tubes. The above are all conformable, so far as can 
be seen here, and are cut by "diorite'* dykes running to the top. 

597. Fissile, mottled red-and-bufiF shale, from No. 1 of the forego- 
ing section. 

597 A. Siliceous and cherty, with calcareous nodules, from the low- 
er, and conglomeritic, portion of 597. 

598. Light-red dolomitic, sandrock, compact, mixed with red sand- 
rock, from No. 2 above. 

599. Siliceous conglomerate, from No. 3 above. 
599 A. Pebbles from 599, water-worn. 

600. "Greenish fissile slate, from No. 4 above. Aluminous and fine- 
grained. The samples are rather too quartzose to fairly represent 
the bed. They are from the lower portion. The higher beds are 
softer. 

601. Coarse porphyritic "dioryte,** in a dyke running parallel with 
and contiguous to and passing into 

602. A fine-grained dioryte, in the form of a dyke. The interval 
of transition is perhaps two feet wide and the crystals of feldspar are 
scatteringly disseminated through it on the south side, and wholly 
disappear on the north side. They run in the same direction as the 
dyke on Silver Islet. The whole is 45 feet wide, but is evenly divided 
between Nos. 601 and 602, from about a mile north of the ''Landing" 
at Silver Islet. 

Pigeon River Falls are formed by the range of hills of trap that set 
in near the head of |Wauswaugoning Bay. The range is an immense 
dyke cutting the slate, and continues east so as to make the peninsula 
that separates the bay into North and South Arms, but undulates up 
and down. It is in one of the downward undulations that the falls 
occur. Probably more of .these hills than has been supposed, are 
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simply dykes piled up oyer the fissure when the rock was molten, some- 
times flowing over. Hat Point and Mt. Josephine are thus dykes. 

603. Porphyritic dioryte, such as cover the hills of quartzyte and 
slate at Pigeon Pt. From the extremity of Pigeon Pt. (V. No. 291.) 

604. Black, fine-grained, hardened slate, from south of the dyke 
(No. 605) on the point next east of the little bay where the portage 
passes over Pigeon Pt., on the south shore of Pigeon Pt. The portage 
is 87 paces over, from the top of the beach on the south side to the 
same on the north side, and passes wholly over moss- covered, loosened 
fragments of rock. 

605. Dyke-rock, cutting the slates and quartzyte, 35 feet wide, at the 
bay where the little portage crosses the point. 

606. Rock of the surface next north of the dyke, in contact with it. 

607. Modification of the quartzytes next north of the dyke, and un- 
der No. 606, fine-grained quartzose syenite, some of it not showing or- 
thoclase. 

608. Fine-grained, reddish quartzose syenite, a modification of the 
quartzytes, under No. 606. 

609. Similar to the last, but further from the dyke No. 605. 

610. Similar to the last, but more red, further from No. 605. 

611. Ued, fragile syenite, a further modification of the rock under- 
lying the rock No. 606, and further within the bay. 

612. A further modification of the same beds or underlying beds, 
from a few feet within the bay toward the portage trail, northwest- 
erly from 604. This is evidently mingled with igneous matter, though 
having a slightly red color. There is a fine cross-jointage in 610 and 612 
that resembles that of some igneous dykes, but this is not anywhere 
seen. 

The relations of 607 — 612 to the dyke and to the quartzyte cannot 
be stated positively, for the whole situation is confused, yet the posi- 
tion of the beds from which they are derived is such that they would 
succeed each other in descending order. No. 60i seems to be the 
quartzyte hardened. It forms a surface sloping to the lake. It is cut 
by No. 605, but as 605 rises five or six feet above the lake it comes in 
contact on the north side with 606, which, while so situated as to be 
the apparent continuation of 604, has a very difiFerent lithology. It is 
much like the rock 603, at the extremity of the point ; is coarser-grained 
than 604, but has free quartz and horn -blende. No. 606 overlies the 
numbers following to No. 612. These last cannot be said to come 
exactly in the order numbered, but probably do approximately. The 
layers are in strata and dip S. or S. E. weathering out thin-bedded. 
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The samples did not come from successive beds, but rather at increas- 
ing distances along the beach, somewhat descending in the strata. 
The fragile parts (Nos. 611 and 612) are at once followed by the pebbly 
beach where the portage trail passes over to the north side. These are 
piled in successive steps upon each other to the height of 15 feet, and 
continue across the bay. It was doubtless owing to the occurrence of 
these soft beds, which rot and chip up, under the water and ice of the 
lake, that the break-down in the peninsula exists here. 

613. On the west side of this little bay the point consists of rock 
like some of the rock on the other point (607 — 612), but is hard and 
firm. It has a resemblance to the plumbaginous quartzyte (552), but 
with the naked eye no plumbago can be detected. 

614. Near the point a dyke cuts this rock, blackening and harden- 
ing it. The dyke seems to dip N. E. so as to stand at right angles to 
the dip of the quartzyte, and the north wall is very distinct, the dyke 
having been torn away by the lake. 

615. Rock of the above dyke. 

This dyke, which is 12 feet wide, has not the direction of that on 
the other point, but runs out into the lake S. E. while that on the 
other point seems to run into the bay, lying to the north of this. 
These dykes each point toward a hill of quartzyte near the coast a 
short distance west. 

616. Further within the bay, on the west point, the rock bluff fac- 
ing east is reddish and mottled, like much of that on the other point. 
Sometimes the prevailing color is red, and sometimes green, but the 
colors do not apparentlj'^ change in any observable regularity, or in 
accordance with the strata. By far the greater portion on the west 
point is red, while on the east point a green color is more common; 
bands and veins of red run through the green, or vice versa. 

The two dykes mentioned at Little Portage bay converge toward a 
hill near the south coast — indeed the rock forming the point (613) 
seems to rise and culminate in this hill, though the hill is at last sud- 
den in ascent on nearly all sides. It is about one -half mile west of 
the portage. 

617. Prom near the base of the hill mentioned, a reddish gray 
quartzyte. ' 

618. Gray quartzyte, from the top of the same hill. This hill is 
with the exception of that back of Clark's Bay, the highest on the 
peninsula, and consists of metamorphosed, highly inclined, basaltified, 
gray quartzyte. The softer beds that allow of the narrows in the 
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peninsula form a belt of low land running north of this hill, and strik- 
ing the north coast N. W. from the hill. 

There are four principal elevations on the peninsula. 1st. East of 
the narrows, forming a basaltic bluflF perpendicular from the water on 
the north side of the point. 2nd. The quartzyte hill near and west 
of the Little Portage bay. 3rd. Hill at the head of Clark's Bay, 
north of it. 4th. The hill range cut by the Parker vein. Of these 
the third is the highest, being about three hundred and fifty feet above 
the lake. 

619. From the same hill as No. 618, on the south side where the 
structure is basaltic. 

This quartzyte assumes forms, structures, colors and positions that 
give it a very great resemblance to igneous rock. It is often finely or 
coarsely basaltic (at least cut by numerous N. and S. parallel points), 
and sometimes rises suddenly to the height of oVer one hundred and 
fifty feet. It is dark gray, greenish, red, black. It is globuliferous, 
or at least disintegrates in a rough or cavernous manner somewhat like 
trap rock. It is porphyritic, with feldspar. These characters do not 
combine, but occur separately, and it can hence generally be identified. 

620. Rock of the E. Palisades (V. No. 230). This rock is red on 
weathering under friction, but, being coarsely fissile, or shaly, cut by 
innumerable seams, it rarely fractures freshly but parts into small 
augular pieces by a blow from the hammer, showing only greenish 
coatings in the seams. Its true fracture Is ragged. This rock has fine 
translucent grains of quartz resembling those of the Great Palisades 
and a general outward resemblance to the rock of the Great Palisades. 

621. Thomsonites ( ?) &c., from a short beach at Lover's Bay. The 
trap that encloses this bay is dark, but slightly greenish, and amyg- 
daloidal with Thomsonites and Wernerite. They are few and dull in 
color. They are generally of a pink color, or massive and white. 
(See after No. 192.) 

622. Stilbite, thomsonite, calcite &c., mouth of False Poplar river. 

623. Dark, greenish trap, forming the upper layer of the point that 
encloses Eclipse beach on the east. This is two and one-half feet thick, 
not amygdaloidal, but very chloritic from decay. 

624. Laumontitic amygdaloid, lying below No. 623. This has 
some stilbite and some thomsonite. This bed by easy disintegration 
forms two small harbors, one protecting from the N. E. and one from 
the S. W. The beach of the west harbor is of gravel, and has many 
thomsonites, but the east harbor is entirely rock-bound. This bed is 
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about eight feet, but varies some, as the characters of No. 623 fluctuate 
up and down. The general color is a dull red. 

625. Greenish trap, having much thomsonite, prochlorite and some 
stilbite. From this bed the thomsonites of Eclipse beach weather out. 
Some of the masses of thomsonites are three or four, or even ten 
inches across; but in the case of large masses the mineral lies rather 
in sheets, with radiating points on the upper and lower contact sur- 
faces. Some large masses two inches across also have two or three 
points of radiation. When polished on the beach the pieces which re- 
sult from the destruction of the large masses are prismatic, but there 
are also many round and oval which have not been broken on separa- 
tion from the rock. These show the circular radiating results of dif- 
ferent colors on the outer surfaces »vhen polished on the beach. The 
colors are pink, red, white and green, — at least the same green mineral 
is found here, always smaller than the other thomsonites, as is found 
at Terrace Point. This green mineral often surrounds the pink and 
white radiating masses of thomsonite. It is itself not evidently radi- 
ated, and the radiations of the thomsonite penetrate it. 

This rock is very nearly, if not exactly, on the same horizon as the 
trap at Terrace Point, judging from the run of the beds, as they extend 
along the coast from that place. The same horizon extends to Poplar 
river without much deviation. Some thomsonites are to be seen on 
the beach at Poplar river. The thickness of No. 625 cannot be made 
out, as it forms the coast-line eastward. (V. No. 187.) 

625A. Thomsonites, picked from the rock at Eclipse Beach. 

625B. Thomsonites, picked from the beach at Eclipse Beach.* 

626. Red laumontitic amygdaloid, from about mid-way between 
Poplar and Temperance rivers (Nos. 177 and 178). This is in regular 
beds, of a few inches, 'or less than an inch, lying like a sedimentarv 
rock. The general color is pinkish-red. These specimens may repre- 
sent the red amygdaloid of several miles along here, even from Poplaj. 
river, though the sedimentation is not so plain in all cases. Over 
them here is a heavy bed of trap, massive or coarsely jointed. This 
trap bed forms arched purgatories, and tables extending over the lake, 
where it extends down to the water, the amygdaloid being eaten out 
by the lake. Occasional thomsonites occur here on the beach. 

From two or three miles east of Temperance river to about half way 
to Poplar, is a very picturesque and interesting, but difl&cult coast. 



*This is called Eclipt>e Beach, because in 1878, in the latter part of Jn^y, oar boat was driven in here 
by high wind, and during our enrorced stay in the afternoon, the sun was eclipsed about half an hour. 
Being compelled to spend the night here, our camp was pitched on the bluff and between the two 
harbors. 
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The trap and amygdaloid form a thousand fantastic shapes, as the line 
of the lake level cuts across the undulations of their bedding and 
change of dip. Sometimes the bridge of trap rock, produced by the 
eating away of the soft underlying amygdaloid, runs intact down to 
the lake, forming deep reverberating purgatories in which by the con- 
finement and compression of pockets and chambers of air, the waves 
that close up the entrance are thrust back quickly again. Sometimes 
the bridge breaks down, leaving i^ilands of rock just off the line of 
coast. Sometimes bridge, islands and all are taken away, letting the lake 
break on the base of the high bluff rising often perpendicular from the 
water, or skirted by a narrow pebbly beach, a few rods inside the line 
where the islands had existed. The effect of wave-and-frost-action on 
a line of stratigraphy of alternating hardness could not be more per- 
fectly illustrated. 

627. Dark trap, forming an arched rock at the shore three-fourths 
of a mile west of Cross river. The eroded bed is one of two feet thick- 
n^ss of stilbite-thalite-laumontite amygdaloid, which lies on a firm 
bed of trap having thomsonite and stilbite with less thalite^. 

628. Basalt; mouth of the Manitou river. At this place about 
thirty feet of trap that shows red surfaces in falling to pieces, lies on 
an amygdaloid conglomerate, the two together forming precipitous 
bluffs on either side of the river, with lower stretches where the trap, 
which is basaltic or semi-basaltic, runs unbroken down to the water. 
This kind of coast runs east at least to the point west of Pork bay and 
west to Little Marais. (V. No. 160.) 

629. Conglomerate, from the mouth of Manitou river. The con- 
glomerate is crumbling, soft, red, amygdaloidal, the form and original 
structure of the pebbles being obscured or lost in the metamorphism. 

Over this conglomerate at Manitou river the trap (628) is basaltic. 
Along the coast it greatly resembles the Grand Marais trap. The 
basalt is bedded, or at least jointed in the direction of the dip, so 
that the columns break off in pieces a few feet long, leaving a smooth 
surface below, but one on which the outlines of the tops of another 
tier of columns can be seen, and which is itself broken away at a 
lower level, so as to disclose another tier still lower. Thus in succes- 
sive benches, or tiers of columns the bluffs ascend somewhat irregu- 
larly from twenty to eighty feet. Sometimes one of the lower tiers is 
not broken, but like a dome rises gradually from the water and runs 
under one of the upper tiers. This regularity is not the invariable 
form of the breaking away. Instead, a very rough surface, caused by 
the separate and individual fracture of the columns all over, some- 
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times runs down to the lake level. This is the ease iu approaching 
Little Marais from the east, where at the point the whole range of 
trap strikes southwardly into the lake and disappears under the water, 
forming a ragged, rocky point, and letting the coast line on to the con- 
glomerate, which is but little seen, the only exposure being just at the 
point on the west of the strike of the trap. 

630. Green, chloritic trap, from two miles west of Little Marais 
Point, forms perpendicular blu£&. 

681. Green chloritic amygdaloid, from the same place. 

681A. Red, compact, rock-like veins in 631. This red rock, which 
seems to be foreign to the rock 631 in which it appears, is found em- 
braced in veins with stilbite and calcite. 

West from Little Marais beach, the first little point is formed by a 
trap exposure which probably lies below the conglomerate. This con- 
tinues west under a stony beach for a mile or so, when, with a high 
dip, it b^^s to show more and more, and finally to make a continuous 
bluff twenty to forty feet high. This trap (630) has a very different 
aspect from the Little Marais trap, being green instead of red, the 
amygdaloidal portions also being green. It contains stilbite, calcite, 
chlorite, (thalite) and some thomsonite. This trap and amygdaloid 
are bedded, but not basaltic. Running through it are seams, one and 
two inches wide, (631A.) which are made up of layers of stilbite and 
a red rocky substance that resembles the rock Xos. 7 and 42. On the 
beach are amygdules of quartz and thomsonite. This rock, taken all 
together, mucb resembles the rock at Eclipse Beach, and perhaps, if 
the horizons could be compared, it would prove to be synchronous in 
origin. 

A little further west, as Xos. 630 and 631 rise above the beach, a 
reddish amygdaloid is brought into view, which on close examination 
proves to be a conglomerate. This rises, as the anticlinal bend of the 
trap passes inland so as to show about thirty-five feet with purgatories 
in a perpendicular bluff. Under it soon appears another trap which 
also rises in anticlinal, is broken awat bv the action of the lake, and 
discloses in an eastward facing bluff a lower conglomerate bed of un- 
known thickness. This anticlinal covers about a mile and a half. 
The beds return to the lake again at the headland about one-half mile 
still farther west. This is on Sees, 2i\ 80 and 31, T. 57, R. 6, about 
three miles west of Little Marais, 

632- Tn^i, from a point of n>ck on Sec. :3I9, T. 57, 6, separated 
from the green trap 630 by a cmigKmierate thirty-five feet thick. This 
is red in many spots, on account of the ntl [mrtings along all the 
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joints, styled heulanditic by Norwood. It is crossed by red siliceous 
seams about one-half inch thick, and has large lumps of quartz and 
geodes. These red veins resemble the red vein material of 631A. but 
not so abundantly accompanied by stilbite. Thickness 12feet. 

632A. Siliceous, jaspery seams from trap No. 632, from a point 
about one-half mile west of where 630 appears. 

632B. In the same beds of 632, or which at least contain 632 A. are 
siliceous geodes, lined sometimes with amethyst, and a great many 
agates. These are in a bed but little above a conglomerate, and seem 
to have been derived from the fusion and dissemination of the material 
of the conglomerate, the same cause doubtless as filled the siliceous 
veins of 632 A. In some geodes the central mass is laumontite. 

633. Thin, irregular beds of trap, immediately under 632, contain- 
ing red amygdules. 

634. Nearly the same as 633, but underlies it; this seems to be a 
heulandite amygdaloid. It is near the top of the conglomerate. It 
also contains agate, stilbite, laumontite and chlorite. The red coat- 
ings and the heulanditic characters prevail along the red seams that 
cross and re-cross the rock. In some cases the red mineral penetrates 
the whole and is disseminated generally through the mass in the man. 
ner of amygdules. 

634A. 4mygdules of **heulandite," and of agate, stilbite and chlo- 
rite, picked from No. 634. 
634B. Stilbite crystals from 634. 

635. Greenish, rather soft, fine, sub-crystalline, compact crumbling 
rock, containing siliceous nodules. At first this polishes under the 
friction of the waves, but after long exposure it crumbles from the 
abundance of chlorite. It lies under No. 634 and also has heulandite 
in the upper portion. Nos. 633-35 have a thickness of only three or 
four feet, and are variously affected by proximity to the conglomerate. 

635A. Stilbite amygdaloid, containing also agatized nodules, jas- 
per, &c., lying below 634. The heulandite material coats the amyg- 
dules and all seams and joints; contains some chloritic amygdules. 

Beginning with the Little Marais trap bed the succession downward 
appears as follows in going west along the coast : 

1. Little Marais trap, Nos. 160 and 628 30 ft. 

2. Amygdaloidal conglomerate (No. 629) 50 ft^ 

3. Green trap, (two miles west of Little Marais, Nos. 630 

and 636, 50 ft. 

4. Crumbling conglomerate, amygdaloidal, seen 35 ft. 

5. Trap, with heulandite (No. 632) 12 ft. 
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6. Trap, amjgdaloidal with healandite ( ?) (Nos. 633-4-5, .. 5 ft. 

7. Amjgdaloidal conglomerate. Thickness unknown. 

636. Samples of red granite; resembles the red granite at the west 
point of Beayer Bay, but is coarser than that. At a distance this is 
apt to be mistaken for the Palisade rock. Sec. 1, T. 56, 7. This 
makes a high point, with a perpendicular face toward the S., but there 
is only a small area of it in the formation. (V. No. 157). This rock 
passes by slow changes into the Palisade rock. It appears at a num- 
ber of other places along this part of the shore. (V. No. 643.) 

637. Feldspar rock, Beaver Bay, at the west i)oint of the bay, (V. 
No. 120). 

637 A. A light flesh-colored mineral, with a radiated structure, in 
scales filling seams in No. 637. The scales are generally about one- 
fourth inch thick, but are sometimes one-half inch. 

638. Rock at the base of Encampment Island, from the north side 
of the island, (same as 106). 

639. Green, heavy doleritic trap, coarse-grained, from the high 
bluff about a mile east of Silver Creek. (V. Nos. 105, 819.) 

640. Two Harbor Rock, separated from No. 639 by a red amyg- 
daloid, eighteen to twenty feet, as at Two Harbors; at the water level, 
under the hill formed by 639, about a mile E. of Silver Creek. 

641. Trap amygdaloid, Knife river, grayish green, containing 
thalite|and chlorite. (V. No. 91.) 

From Grand Marais to Ogishkee Muncie Lake, and Mouth of Poplar 

Bher: 

The hills that lie near the mouth of Silver creek, and that extend in 
a chain N. E. from here, are the first of that form and outward aspect 
similar to the Mt. Josephine class, that can be seen from the tug-boat 
in going down the shore from Duluth. 

The range next east of Carlton's Peak has the same outward form 
but Carlton's Peak itself is different. Between Carlton's Peak and 
Poplar river are four prominent hills, rising about as high as Carlton's 
Peak. West of Carlton's Peak for a long distance, is an unbroken 
line of continuous high land, but further west still is a very ragged 
range of hills. 

East from Poplar river are two gentle swells of high land at once; 
then the high land is more even-topped, gradually descending to the 
coast at Cascade river. The range appears double at Poplar river, a 
high hill farther inland overlapping the gap at both ends. The same 
is true at Cascade river. 
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In passing toward Grand Marais some of the hills, which do not 
from the S. W. show any semblance to the saw-teeth structure, 
change their profile, and fall into line as parts of the regular range. 
The range thus runs to Grand "Marais, where it seems to fall away, or 
to recede from the coast. 

The appearance of the hills suggests that the Silver creek range, al- 
ready mentioned, having the oujward appearance of those at Grand 
Portage, is of the same geological structure, and that the range east of 
Carlton's Peak, extending to Grand Marais, may be of another geolog- 
ical age or formation. 

On the road from Grand Marais to Rove lake there is first a gradual 
ascent, with some flat spots, to *'the summit," which is reached at 
about If miles from Grand Marais, where the aneroid shows 786 feet 
above Lake Superior. There is then an undulating ascent, or flat 
surface, to near the valley of the stream crossing Sec. 9, T. 61, R. 1 E. 
when there is a descent of about 40 feet over drift, to the creek, which 
is by aneroid 838 feet above Lake Superior. The valley here is broad 
and shallow, without any rock-cut*. The country thence is undulat- 
ing, with good soil and sub-soil, and rather light timber, to the E. and 
yf. town line, where there is a short swamp, but on the other side of 
the town line good farming land again returns. The whole distance 
from Grand Marais, along this road, is a tract generally tillable, even 
the hillside up which the tract runs. The underlying rock, in the hill 
seems to be the Palisade rock, probably with igneous rocks in dykes 
and overflow, but north of the hill the red rock returns again, as may 
be presumed from the occurrence of loose pieces of the red rock, and 
its shingle, occasionally on the trail. The rock in actual outcrop is 
not to be seen on the trail between Grand Marais and the E. and W. 
town line mentioned. 

From the town line north to the Devil's Track river is about a mile. 
This stream is a little larger than the other, but has a similar valley. 
There is no rock exposed at the crossing of Mayhew's road to Rove 
Lake. The valley is in the drift, but most of the stones are from the 
red formation— either real Palisade rock, or red granite like that seen 
east of Beaver Bay and at Beaver Bay (V. No. 665). 

Along the same road toward Rove Lake, north from the crossing 
of the Devil's Track river, the red rock continues to form the basis of the 
country, as shown by the fragments of such rock along the trail, and 
where trees have been thrown down by wind, to about li miles north 
of the town line where a belt of coarse dark trap appears, extending 

*The nrreyor'B plats here erroneonsly extend the steep bluffis of rock along both sides of the ri^er. 

5 
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perhaps 20 rods, when the red returns for one-fourth mile. Then an- 
other belt of coarse trap-rock like that in the Grand Portage region 
follows for about 20 rods. The general surface is not rough, but un- 
dulating. It is covered loosely by a loam, or mold, which supports 
trees to a certain size. They are generally blown over and afterward 
consumed by fire which also burns up the soil. There is not much 
drift. 

At the center of T. 62, 1 E. a little knoll of dry land occurs in the 
midst of a swamp. Here the rock is coarsely crystalline doleryte. At 
a short distance further an amygdaloid appears, and the **Two Harbor 
Rock," so-called in these descriptions. This last appears soon after 
passing a little creek; but the country is in general a swamp, with 
caribou trail in soft wet moss running among the spruces and tama- 
racks. The surface is closely underlain by the rock in situ or by frag- 
ments which are lightly covered by the moss or by a vegetable mold. 
Among fragments of the *'Two Harbor Rock'' (and occasionally the 
rock in place) are to be seen also masses' of igneous, coarse-grained 
rock like that overlying the Two Harbor rock. 

642. From about one mile north of the center of T. 6'^ N. 1 E. on 
Mayhew's trail. This red rock here which appears as a fine red syen- 
ite forms an escarpment about 15 feet high, mostly hid by the tree* 
and moss, facing N. N. E. This is not wholly red within, though it 
weathers red, but is a reddish-brown, and has red crystalline speck» 
scattered through it. It is in heavy, hard layers, and does not shatter 
into angular small pieces like the red rock. It contains free quartz. 
Toward the south the land is higher than this bluff, but the bluff over- 
looks immediately a swamp, and a creek, toward the north. Toward 
the west this escarpment rises into a hill 75 or 80 feet high. At the 
foot of the bluff is the rare feature of a foreign syenite boulder. 

643. In the northern tier of sections in T. 62 N. 1 E., where the 
trail crosses them, is a hill range 100 to 150 feet high, with white 
pine, birch and white cedar, of larger dimensions than in the lower 
land. This range is composed of a red rock very much like the last 
number, approaching the character of the red granite seen east of 
Beaver Bay (No. 636). Many boulders of such rock are in the road 
before reaching the hills, and more in ascending them. There are a 
few also of the gray slate and quartzyte, and some of the Grand Port- 
age igneous rock; nine-tenths of them, however, are of this "red 
granite.'' 

644. The top of this hill, however, consists of igneous rock. This 
is not certainly in overflow. It may be as a dyke protruding through 
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No. 643. East of the Mayhew trail, following the town line between 
towns 62 and 63, the land rises in a ridge perhaps 200 feet above the 
country further south. The ridge runs about E. and W. covered with 
heavy forest, and formed ot **red granite.*' This sample coi» tains 
quartz and orthoclase, and is not a true igneous rock. 

This range of hills, composed of this red rock, appears like a range 
of upheaval, and finally the country becomes wholly hilly. 

645. "Red granite," like 642, from this hill-range, S. W. i Sec. 36, 
T. 63, 1 E. on a little creek. This rock seems to be the result of 
higher nietamorphism of the coast-line red rock, or the Palisade rock 
The change seems to have been gradual. W hile but little of this rock 
is encountered along the lake shore, it here constitutes the rock of the 
country, and rises into considerable hills. This difference of crys- 
tallization must be due to greater nearness to the seat of upheaval and 
heat, which would not be in consonance with the opinion expressed 
by Messrs. Bell and Logan, locating the belt of greatest disturbance in 
the bed of Lake Superior. It seems rather to be back in the vein of 
the lake-basin. Most of the rock is like this number, but there is also 
much like No. 644, in large masses that fall from the hills, and that 
lie on the tops of the hills. It is difficult to separate 644 from 645. 
It seems to be due to a mixed condition of matter from the sedimentary 
and from the igneous rocks, or perhaps to a complete fusion, and flow- 
ing in igneous form, of the same rock. 

These hills are from 1,000 to 1,200 feet above Lake Superior, and 
from 100 to 150 feet above the surrounding country. 

646. .**Red granite," S. E. cor. T. 63, 1 E. 

* 647. Red rock, like 643 and 645, making hills in N. W. cor. T. 62, 
2 E. and N. E. cor. T. 62, 1 E. Associated with this red rock in some 
way not ascertainable on account of the prevalance of surface mold 
and bushes, is found the next. 

648. This is a darker rock, containing quartz, orthoclase, plagio- 
clase, hornblende, magnetite, viridite, apatite, having somewhat the 
aspect of the Grand Portage trap hills, but not its mineral composition. 
It may be only a local irregularity in the lithology, as suggested under 
No. 645, or due to a profound metamorphism of other sedimentary beds 
having a different composition originally. There is abundant oppor- 
tunity for this latter hypothesis, because under the red-rock which is 
supposed to make by further crystallization the red granite, is an im- 
mense thickness of black slates and quartzy tes, as seen in the peninsula 
of Pigeon Point, the strike of which must pass westwardly through 
the country north of Grand Marais. If the upheaval and metamor- 
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phism of the red rock, which took place after its deposition, also dis- 
turbed with the same long-continued eflFect the underlying quartz- 
ytes, they would be deeply metamorphosed also, and would produce a 
rock different from a truly igneous rock, and from the overlying red 
granite. This is also further probable from the observed conformity 
between the red rock, or red quartzytes at least of Pigeon Point, and 
the underlying black slates and quartzytes. But at present Nos. 644 
and 648, and other rocks like them from the same region, may be con- 
considered undetermined, though with a probability of an original 
sedimentary condition. 

649. Sample of the rock seen in loose pieces along the trail going 
N. between Sec. 36, T. 63. 1 E. and Sec. 31, T. 63, 2 E. A high hiU 
runs along the east of the trail, the trail being west of the town line. 
This is a red syenite, but with much magnitite and hornblende. 

650. Another sample of dark dioritic rock. This is so abundant 
trat it must be in place near, but cannot be seen. 

^ 651. Magnetited dioryte, from boulders, seen along the same trail, 
twenty to thirty rods north of the last. This same rock forms a hill 
along the right of the trail. This resembles the Herman iron ore (No. 
514), but it seems also associated with the dark rock No. 644 and 648, 
which is regarded as originally a sedimentary rock. 

Across the creek which passes north near the town line where this 
iron occurs, is another hill made of the same rock showing a perpen- 
dicular wall facing E. rising about fifty feet, viz. : 

652. Dark, heavy dioryte (?) with magnetite, from a point about 
one-fourth mile from the Brule river, and half a mile west of the town 
line. 

653. Red rock, from the Brule, some west of the town line. This 
rock still prevails, thrown up by trees. 

But immediately across the Brule, on the town line, between it and 
the head of Elephant lake, is a low range of trap hills, of the kind 
characteristic of the Grand Portage district. This rock here rises in 
domes, and the rock it lies on cannot be seen. Yet on the south side 
of the Brule it apparently lies on the red rock, rising in the hills and 
ranges higher than this. It is coarse, and not so much magnetited as 
the rock No. 652, south of the Brule. 

North and west of the Brule, the country appears, viewed from a 
burnt knob of this trap, quite hilly, and apparently the beginning of 
the broken surface seen along the boundary. 

Also west, in the next town, northwest from here, are seen some 
high hills. 
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About one-half mile north of the north side of Elephant lake on the 
town line, large pieces of the slate and quartzyte formation begin to 
appear, with boulders of the trap last mentioned. The country is 
more nearly level, but covered with tamarack or spruce in the swamps, 
and white pine, tamarack, white cedar, poplar, white birch, and moun- 
tain ash, on the ridges or higher flats. 

A little further on, however, are many pieces of the red rock on the 
banks of a little creek running west, and as they probably would not 
have been transported north, but the quartzyte and slate may have 
been transported south, it is probable that the red rock really extends 
as far north as this place. 

Sees. 18 and 19, T. 63, 2 E, the red rock comes in full force, form- 
ing a range of hills running E. and W. across the town line, without 
a capping of trap. This hill-range is covered with Pinus banksiana, 
and the ground is carpeted with moss, as in a tamarack swamp. In- 
deed this carpet of moss is general here. It seems to depend on the 
rains that are perhaps more frequent about the summits of the hills. 
The moist winds from the lake encounter the colder land winds com- 
ing more from the north, and transient showers are the result. 

654. This sample is from a ridge rising about one hundred and 
seventy -five feet, crossed by the section line running east, S. E. i Sec. 
18, T. 63, 2 E. This is plainly an igneous rock of the usual kind seen 
on the shore of Lake Superior. It is fine-grained and dark. 

655. N. E. i Sec. 20, 63, 2. A low ridge of coarse-grained vesicu- 
lar reddish rock, containing: free quartz, probably a condition of the 
"red rock." 

656. At another point, a little further east, this reddish rock vesic- 
cular, and more evidently a condition ol metamorphism, not being 
wholly crystalline. 

657. Sec. 16, T. 63, 2 E, (on the southern line, just after the cross- 
ing of a creek; is a fine-grained, brown rock, having feldspar crystals 
handsomely disseminated sparingly through it, and resembling the 
stellar porphyries, pebbles of which are seen occasionally on the lake 
shore. It is a dark, brownish rock, which weathers red, but is hard, 
fine and compact, and shatters under the hammer in memerous pre- 
existing joints which are iron-shot, making sharply angular fragments. 
This contains fine grains of free quartz, as shown in thin section, and 
probably comes from the sedimentary beds, associated with the rocks 
648, 651 and 652. 

658. Further on this ridge takes on the characters of 655 and 656. 

659. This rock appears to be in place, but can be seen only in the form 
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of numerous loose pieces. It has the appearance of constituting the 
top portion of the ridge (65^) It is dark, coarsely crystalline, and 
allied to the diorytes (Nos. 651 and 652.) This ridge runs E. and W. 
nearly on the north side of the trail, and rises about two hundred feet. 

On the line between Sees. 15 and 22, in town 63, 2 E. the country 
rock is the **red granite,'' but there are occasional patches of igneous 
rock, and also some traces of drift, shown by pieces of the quartzyte 
and slate, and by occasional boulders of syenite. The surface is gen- 
erally moss-covered and wet. At the crossing of the Greenwood river, 
the boulders are nearly all of the "red granite.*' Following the line 
further east, to the little lake on Sec. 13, at the crossing of the stream, 
the rock is of the dioritic kind, coarsely crystalline, but there are a 
good many boulders of **red granite" and of slate 

At the crossing of the town line, which is on high land, is consider- 
able good pine, perhaps 200,000 per forty on either side of the trail. 
The rock underlying is — 

660. A gray dioryte, porphyritic, belonging to the same class of 
rocks as 651 and 652. The "red rock" seems to have continued along 
the line of the trail, as far east as to one-half mile west of the town 
line. East of that the country seems to have been in the next underly- 
ing beds as far as to — 

661. One mile east of the town line (S. E. cor. Sec. 18, T. 63, 3 E.) 
is a reddish crystalline rock in place, and this continues east two miles 
from the town line. 

662. The country seems to have considerable drift, often of clay, 
and does not show the underlying rock. The surface is nearly flat* 
This fine-grained porphyry is allied ^to No. 657 and is from S. W. i 
Sec. 144 

663. S. W. i Sec. 19, T. 63, 4 E, on McFarland's trail. Here is 
a short E. and W. ridge, rising about fifteen feet, in which the rock is 
the stellar porphyry seen in pebbles on the lake shore. It is fine- 
grained and brown, but is beautifully set with intersecting tabular 
crystals of flesh-colored feldspar. The mass of the rock is made up of 
minute tabular crystals of a feldspar and opacite, with a few grains of 
chlorite, and very rarely a minute grain of quartz. 

In about N. E. i Sec. 30, T. 63, 4 E. is another low ridge, but made 
of a diflferent rock, being of a coarse porphyritic dioryte, like some al- 
ready numbered. 

The height of land back of Horseshoe bay, three and a half miles 
from Lake Superior is 960 feet above the lake. 

664. At a little more than two miles from Horseshoe bay, appears 
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a diorite rock, in a ridge, made up almost entirely of feldspar and 
hornblende. A beach line is distinctly marked back of Horseshoe bay 
fifty feet above Lake Superior. 

Passing up the hill back of Grand Marais, on what is known as the 
"Iron Trail," the hill is found by aneroid to be 1,063 feet where the 
trail passes over it, or 278 feet higher than where the Eove lake trail 
passes the summit. This is about one and one-half miles from the 
lake shore. The surface descends eighty-seven feet in passing north- 
ward to the level of the water in the south branch of the Devil's Track 
river. 

The rock is mostly hid on this hill by drift, some of it being clay on 
the top, but in the southward slope, where the face is most precipitious, 
th6 roek is exposed. 

665. Rock from the Grand Marais hill, eight hundred feet above 
Lake Superior, having a face seventy -five feet high toward the south. 
Rather fine-grained trap, reddish brown, evidently an igneous rock. 
The top of this hill seems to consist of this rock, but toward the base, 
on the south side, the red rock that forms the beach at Grand Marais 
is so abundant in old tree-roots, thrown up by the wind, that it is un- 
questionably in place there, though so covered by its own debris that 
it cannot be seen in situ. 

The level of the general surface does not fall away again, after 
reaching the top of the hill, more than thirty or forty feet, when it 
becomes a swamp of spruce and tamarack, with the usual covering of 
coarse Caribou mosses. Passing over the swamp,' (about three-fourths 
of a mile) a slight ascent begins, rising again to about the level of the 
first hill. After a short distance of dry land the surface descends 
rather abruptly to the south beach of the DeviPs Track river, which i^ 
eighty-seven feet lower than the top of Mayhew's hill. No more rock 
is seen to this place, and here can be seen only boulders. The lake 
from which the south beach flows is thirty -nine feet higher than the 
river where the trail crosses it. 

666. **Red rock," with small glassy crystals like quartz, from the 
N. E. side of the lake from which the south beach of the Devil's 
Track flows. Many loose pieces are seen, but none is to be seen in 
place, the ccTuntry being drift-covered. Devil's Track lake is forty- 
nine feet above South Branch lake, or 1,064 feet above Lake Superior. 
No rock in situ appears between the perpendicular escarpment of the 
Grand Marais hill and Devil's Track lake, so far as can be seen along 
the "Iron Trail," which strikes the lake on the south shore one-fourth 
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mile east of the fourth meridian. The beach here shows no rock, in 
situ, but is composed entirely of small augular pieces of — 

667, which is evidently the rock of the country, on account of its 
abundance, and the fresh angles of the outside. It is reddish-brown, 
compact, rather fine-grained, but porphyritic with flesh-red feldspar of 
the color of the mos^. In the interior are seen, on fracture, green 
specks probably due to changed hornblende. On the surface these 
weather out, making a pitted exterior. It also contains free quartz, 
making it the equivalent of the red syenite associated with No. 1 at 
Duluth. 

The divide N. of Devil's Track lake is 1167 feet above Lake Su- 
perior. The swamp, which is one an^ one-fourth miles on the portage 
from Devil's Track lake to Tamarack lake is 1152 feet above Lake Sn" 
perior. About one-half mile N. of Devil's Track lake the trail crosses 
the fourth meridian, and continues in a general N. N. W. direction to 
Tamarack lake. The country about is not hilly, but rises perhaps 
thirty or fifty feet above these lakes. Tamarack lake is 1132 feet over 
Lake Superior. The Devil's Track rivers enters it from the N. E. and 
a short distance above the lake the country becomes a vast swamp of 
tamarack and spruce. In the swamp are occasional dry knolls of 
gravelly clay and waterworn drift, but in general throughout the 
swamp the surface is covered with a thick coating of different caribon 
mosses. The knolls sometimes spread out indefinitely, rising four or 
five feet above the swamp, making a small flat area of the same charac- 
ters as the knolls. There is no rock in place. The country is covered 
with drift. These knolls are of drift. 

The agricultural character and value of this swamp are likely to be 
mistaken. It seems that in all parts of this district, wherever the sur- 
face is nearly flat, and the nature of the underlying rock is not such as 
to allow easy and rapid escape of the surface waters, a swamp of tam- 
arack and spruce (or perhaps in a stony area, of white cedar) inevit- 
ably supervenes ; the easily drained hilly tracts, which perhaps are so 
stony and rocky as not to be arable, are apparently better for farming, 
and are now covered with fine timber. A settler would naturally 
select these uplands, whereas really the low lands are furnished with the 
better soil, and are freer from stones. This covering of the uplands 
with a more or less hardy and stunted evergreen forest, somewhat 
sparse, is characteristic of high northern latitudes, and here seems ta 
be due to the severe, but moist climate which prevails. 

Owl lake is about twelve feet higher than Devil's Track lake, or 
1,148 above Lake Superior. 
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668. About one-third way across the portage from Owl lake to 
Little Pine lake, are low rocky mounds and ridges, twenty-five to sixty 
feet high, covered with pine. These ridges consist of this rock, a red 
syenite, with green specks and red feldspathic crystalline surfaces like 
several other samples obtained in this region. 

The kind of country described north of Tamarack Lake, does not 
continue through to Little Pine Lake, but in a short distance lindens 
appear in the forest, then white pine, hazel, mountain ash, &c., while 
tamarack and spruce gradually disappear, the balance continuing to be 
interspersed even among the pines and in the uplands. Pretty soon 
the forest is nine-tenths white pine, the rest being composed of white 
birch, Norway pine, balsam. Mountain ash and Mountain maple, at the 
same time that the level of the country is elevated to 100 and 150 feet 
above the adjoining lakes, and is rolling and hilly, with frequent large 
boulders and occasional exposures of the underlying rock (668). The 
soil is coarse and stony, with boulders of light syenite and many of red 
syenite from the rock of the country. It is a rusty, loamy clay, that 
seems to be the direct result of the disintegration of the stones of the 
drift, changed by the action of vegetation. 

669. Ts from what appears to be a dyke, about half way between 
Owl Lake and Little Pine Lake, though the exposure is not suflScient 
to show whether a dyke or not. There is a perpendicular wall ex- 
posed, running N. and S. near the trail, on the east side, extending 
about 25 feet and rising five feet, sinking down to the general level 
on either side, facing west. There is in it a jointage that weathers 
out in perpendicular bands or basaltic layers, that run E. and W. from 
one inch to three or four inches in thickness, very much like dykes 
seen on the shore of Lake Superior. There is also a blind ridge or 

, elevation running east, through the woods, of about the same height, 
but showing no rock as far as traced. Toward the west, after a low 
gap of about 40 feet, the surface rises gradually to about eight feet, 
ancj in the top is the same rock; but it abruptly sinks away into a val- 
ley, while toward the N. W. is a considerable elevation or ridge cov- 
ered with pine and containing the red granite No. 668. No. 669 seems 
to be a dyke cutting the red rock, and perhaps breaking through it in 
a number of other places. It is, indeed, one of the causes of the **red 
granite" which all of the time is supposed to be due to complete fusion 
and change of the **Palisade rock,'' and that to a feebler application 
of the same force to the red shales and sands of the Potsdam seen in 
the St. Louis river at Fond du Lac. No. 669 is apparently what Prof. 
Pumpelly has described as a melaphyr — a dark homogeneous trap, 
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globuliferous-weathering, and sometimes showing in the sunlight large 
reflecting crystalline surfaces in the mass of the rock, due to crystals 
of pyroxene that embrace all the other minerals. 

A short distance north of the divide between Owl and Little Pine 
Lakes, on the north slope, the red rock, which is laid bare by the 
overthrow of a large pine by a late cyclone, shows a smooth glacia- 
tion, but no prevailing direction can be distinguished. 

Little Pine Lake, which is 1,154 feet abov6 Lake Superior by rough 

aneroid observations, has no rock visible about its shores, but under 

« 

the water near the shore can be seen everywhere sub-angular pieces 
of the red syenite like No. 668. In making the portage from Little 
Pine Lake to Clubfoot Lake, which is 1,173 feet above Lake Superior, 
there is a small exposure of the red granite seen on the trail, but else- 
where the rock is either hid, or is of boulders. About the S. and W. 
end of Little Pine Lake are numerous foreign boulders. The same is 
true of the S. and E. shores of Clubfoot Lake. 

Round Lake is 1,208 feet above Lake Superior, and Abita Lake is 
1,349 feet. 

670. From one-fouth mile S. of Lake Abita, in the large hill over 
which the" trail passes, apparently a dioryte, consisting largely of horn- 
blende. 

671. **Red granite," from the hill near the south shore of Lake 
Abita, but not certainly in place. The hill rises about 225 feet above 
Lake Abita and 1,574 feet above Lake Superior, and is separated from 
the hill from which No. 670 comes by a dry valley, but which has a 
creek in wet seasons. 

672. ' The same hill which furnishes No. 671 near the lake is made 
up of this rock toward the top, being a coarse dioryte. In what man- 
ner this is related to No. 671 does not readily appear. There can be 
seen large blocks of this, and some small mural faces, along the north 
side of the hill, but in general everything is hid by turfj foi:est and 
mosses. There is but little doubt, however, but these blocks are -not 
far removed from their natural places. 

The lakes of Brul6 river, north from Brul^ Mt., are 955 feet above 
Lake Superior, by aneroid, and Brul^ Mt. in its highest part is 1,461 
feet above Lake Superior. Brul6 Mt. does not appear like a mountain 
from the south, rising but 30 feet above Lake Abita, but from the 
north it is very prominent as an isolated hill that rises 506 feet above 
the 'river flowing along its northern base. 

673. **Red granite," top of Brul6 Mt. and the rock is not well seen 
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• 

/// situ. Almost no rock but the red granite is seen along the trail 
from Lake Abita to — 

674. a rather fine-grained deposit, with quartz, which occurs on the 
north face of Brul6 Mt., forming a perpendicular wall about 20 feet 
high, but is only seen (so far as examined; a little east of but near the 
trail. It is 240 feet below the top of the mountain, and makes a more 
or less continuous jog or shoulder. Very few red pieces are to be seen 
north of this shoulder, but south of it they make nine-tenths of all the 
stones. Occasionally light-colored gneiss and granite are seen, and 
rarelj- a piece of siliceous slate, so that it seems as if here were the 
northern boundary of the red granite (V. No. 6S5). 

675. In the northern face of Brul^ Mt., 300 feet below the top 
about south from the east end of the westerly lake in Brul^ river. This 
reddish granitoid rock forms a perpendicular wall of 60 feet in height. 
This contains much hornblende, thus causing it to approach'the min- 
eral characters of the dioryte No. 674. 

676. At a lower level another perpendicular wall of rock is found 
on the north side, a little to the west of the section line between sec- 
tions 16 and 17, rising about 78 feet. This rock resembles the rock 
No. 674, but the bluff cannot be said to consist entirely of this. An- 
other exposure of rock like No. 676 is at the water level, on the north 
side of the lake mentioned. It runs under the lake, sloping south, 
and is, like No. 676, deeply disintegrated. 

The top of Brul^ Mt. is rounded and torest-covered, the ascent in 
all directions being very gradual, but most abrupt from the north. 
The only rock seen is boulders, generally of diorj^te. The highest 
point is about one-eight mile east of the section corner (17, 16, 20, 21, 
in T. 63 N. R. 1 W.) and one-sixteenth of a mile south. From this 
place no higher land can be seen toward the east, but there is a high 
peak toward the S. W. six or eight miles, supposed to be Eagle Mt., a 
very high range visible a few miles north, afterward learned to be the 
Misquah Hills, and other hills to the west. About north of the peak 
thought to be Eagle Mt., is a high square-cut hill, like one of the Saw- 
teeth hills; but toward the S. E. is low, flat ground, probably the 
course of the Brul6 valley*. 

On the next portage northward from the Brul^ river the country' i3 a 
swamp, with occasional low knolls, or short ridges, the whole covered 
with tamarack and spruce, and the lower parts being very stony, simi- 
lar to the St. Louis valley from N. Pacific Junction northward to 



*Sonie of thei>e particulars were obtained of my man Mallmaun who climbed a "Jack pine'* eighty 
feet high, growing o^ the top of the mountuio, and from it described the (surrounding country. 
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Knife Falls, and similar to many swamps in this northern part of the 
State, the most of the stones here being of the rock No. 676, but with 
a sprinkling of red granite, as if there were still rock of that kind in 
place further north. Some of the boulders are banded with magnetite. 
At about half way to Little Trout Lake the boulders of red granite 
constitute about half of all. 

677. A short distance further north a hill rises on the east of the 
trail, but near it, (about 100 feet), consisting of the rock of this num- 
ber — a very fine-grained basalt, nearly black, compact. In thin sec- 
tion this shows a multitude of similar polarizing, rounded small crys- 
talline grains dispersed through a ground-mass of uniform character 
that is apparently semi-crystalline with scattered cubes of magnetite. 
This would seem to make it a crysolite basalt. 

But in following the trail it passes over this hill-range, which is 
only part of a generally hilly tract surrounding the Little lake, next 
on the trail, the lake itself being 244 feet above the Brule river. These 
hills are not large, rising about 200 feet, but the country is what may 
be styled hilly. The rock constituting them is of the same kind as 
No. 676, and of the **red granite;" large masses of the former, and 
many small pieces of the latter, being strewn about. 

This hill (»xtends to the Little lake, and along the S. E side, where 
the superposition of the strata can be made out in descending order, 
the highest stratum being of the **red granite.*' Thus: (with a dip 
10 deg. S. W.) 

Red granite (not actually seen in place.) 

No. 678, in a regular bed of the thickness of 15 ft. 

No. 676, porphyry with red feldspar 4 ft. 

No. 679 A. porphyry with gray feldspar 8 ft. 

No. 680. Fine bedded, crumbling, seen 18 ft- 

The foregoing does not include all the strata, some being invisible 
both at the top and at the bottom. These strata seem to belong to 
the formation of the great slate and quartzyte range, underlying the 
cupiferous, as developed at Grand Portage and along the boundary 
line, but here more metamorphosed. 

678, is a dark (pyroxenic ?) rock, with no apparent feldspar. Frag- 
ments of a rock like this were seen on the top of Brul6 Mt., evidently 
carried there by the drift movements, and could not be referred to 
their stratigraphic position. (V. 684 ) 

679. Finely porphyritic with red feldspar, the ground mass being 
like the rock No. 678. 

679 A. The same as the last, with gray feldspar crystals. 
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680. A fine-grained, dark rock porphyroidally sprinked with feld- 
spar of a flesh-red color. While this is in heavy beds in the stratifica- 
tion, it has a fine, rudely basaltic, disintegration, due to a structure of 
short joints and cross-planes, mainly perpendicular to the dip, by 
which it crumbles out so rapidly that it is not easy to get a fresh frac- 
ture. It is one of the shaly sedimentary parts of the so-called Ani- 
mikie Group. 

Little lake is 1,199 feet above Lake Superior, and about 200 feet be- 
low the surrounding hills. Little Trout lake is 1,272 feet above Lake 
Superior, being the highest on the Iron Trail in the traverse from Lake 
Superior to the boundary line. 

The hill at the right of the portage from Little lake to Little Trout 
lake is made up of the numbers 681, 682 and 683 is downward order, 
with the thickness stated below : dip 20° S. E. 

681. (seen twenty feet, may have more above.) A very fine, black 
rock, approaching aphanitic slate. 

682. (35 feet ) Porphyry, both with red and with gray feldspar 
crystals. This is a part of the great formation lying below the cupri- 
ferous, already mentioned, and is in beds of an inch, where weathered, 
or in heavy layers of five or six feet. The ground mass seems to be 
the rock No. 678. The red color seems to come from weathering, the 
original color being gray. This is shown in one of the small samples. 
It has free quartz. 

683. (20 feet; there is a talus below of fifty feet in which the rock 
is unknown.) A fine-grained heavy dark rock, apparently consisting 
ol triclinic feldspar and diallage with a little uralite and magnetite. 

684. Further north is a layer of four feet of a fine black rock, evi- 
dently crystalline, somewhat like *No. 678 or 683, included between 
some of the beds of the foregoing porphyry, near the bottom of the 
same. 

Prom Little Trout lake to Misquah lake is a descent of fifteen feet. 

685. Reddish-brown rock weathering red, with red feldspar crys- 
tals. This rock makes the Misquah Hills in the S. W. part of T. 64, 
1 W. It is rudely and coarsely basaltic, the columns being perpen- 
dicular to a S. or S. E. dip. This number is from near the trail about 
a mile south of Misquah lake, near the town line between 63 and 64, 
on Sec. 32, where a thickness of fifty feet can be seen. It is bedded as 
well as basaltic, and in weathering sometimes shows laminae of one- 
fourth and one-half inch. It is undistinguishable from the rock fre- 
quently called red granite in these descriptions, but its geographical 
position seems to place it in a lower horizon. There may, however, 
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be several faulted upheavals of the same horizon, so that in goings 
north one does not invariably pass on to lower beds, but sometimes 
from lower to higher. 

Misquah lake* is flanked on the N.E. and E. by high brick-red hills. 
Some of them being 500 or 600 feet high. The trees, being nearly all 
fire-killed, and even consumed, allow a perfect view of the rock. It is 
the same as 685. 

686. ''Red granite'' from the east of Misquah lake, Sec. 32, T. 64, 
1 W. This rock is basaltified and massive, rising in mountain-like 
masses. It dips at a high angle toward the east. 

687. The same rock as the last, brecciated or scorified, though still 
weathering brick-red. 

These mountains are mainly to the east of the trail and so far as 
can be seen they are formed wholly of this red rock. 

There is much drift in the form of large boulders along the lakeward 
side of these red hills, particularly near the lake where the trail goes. 
These large pieces are of dioryte, often magnetited, and porphyry like 
No. 682, or dark rock like 681, with many pieces of siliceous slate and 
gray quartzyte. 

688. The character of the rock, and of the country, changes at 
once on entering Cross lake, wliich is thirty feet below Misquah lake.. 
The rock when first seen is at the right of the entrance, and is mixed 
and irregular in structure, as if it had been a conglomerate originally. 
In general it is porphyritic with gray feldspar and has a little quartz, 
but the ground-mass, which seems to be the rock No. 678, varies 
greatly in its prevalence over the feldspar — also the size of the feldspar 
crystals varies. Hence the outward aspect of the weathered surface is 
spotted with dark and light colors, J:he feldspathic parts (and particu- 
larly the coarser-grained) becoming white, or nearly so, the rest being 
darker, or with fine mixture of dark and light. This rock has a basal, 
tic structure, and a very heavy bedding, the latter dipping south, and 
the basaltic structure being perpendicular to the dip. (V. 701 and 702.) 

Cross lake is a large lake, expanding in finger-shaped elongations 
east, west and southwest, and having several rock islands, as well as 
north and south. This lake and Misquah lake are tributary to the 
North Brul6 river. The shores and the islands of Cross labe are low,, 
made of the next numbered rock. 

689. Similar to No. 688, but more uniform in structure^ Evidently 
a gray dioryte, from the same formation as that, and much like the 
rock 682. 

*S«> called frnm the hippeira word meaning red, in nlIa>ion to t' e re<l >^ al s liy whicli It is enclosed' 
along ita eat«t shcres. 
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The lake through which the North Brul^ flows, next north of Cross 
lake, is surrounded by a similar low country, and has the same rock as 
No. 689. This also has many arms and bays running west, and from 
one of them is a canoe trail and portage to **Brul6 river lake," which 
gives source to the South Brul6 and to Temperance rivers. 

Cariboo lake is 1,238 feet above Lake Superior, and twenty -two feet 
higher than North Brul^ lake. Its shores are low, mainly of bare rock 
like 689, which however, rises in some places from ten to fifteen feet. 
The timber is fire-killed, or consists of a second growth of small trees- 
ten to twenty feet high. Between this and Poplar lake is Little lake, 
three feet higher than Cariboo lake. 

690. Near Little lake, at the north end of the portage, is a bare 
dome of rock, rising in the swamp about twenty feet, represented by 
this number. It is dark-colored, hard and fine-grained. It is not 
bedded, nor visibly basaltic, but all over the rounded exterior are 
polygonal spaces, marked out and included by bands of harder rock 
that rise as low ridges above the surface, fitting exactly to each other. 
This rock under the microscope shows its igneous origin by its com- 
position which is plagioclase, augite and magnetite. It also seems to 
hold an occasional grain of quartz. 

691. Gabbro, consisting of plagioclase (assumed to be labradorite), 
diallage and magnetite ; related to the last. This is a sample of the 
usual "trap" of the country. It weathers light, and is in that way in 
marked contrast with the last, though that difference seems to be due 
solely to the greater propoi;tionate amount of feldspar in this, and of 
augite in that. This occurs in patches on and in the last, and es- 
pecially on the north side. It also seems to cross and cut it in vanish, 
ing veins. 

692. Gabbro, like the last; this forms a series of bluffs along the 
south shore of Little lake, of about the same hight and form as the 
last described, but the rock is rather finer-gr&,ined than much of the 
trap of the countr3\ This makes a low hill-range along the south side 
of the lake. 

Poplar lake is 1,221 feet above Lake Superior. The rock the whole 
length of Poplar lake is the same as 692. 

693. Gabbro; from the west end of Poplar lake, where the portage 
trail leaves it going to Duck lake. It rises about twenty feet above 
the water all about, in undulating domes, rounded as by glaciation, 
though no glacial marks can be seen. The country is burnt; a few 
foreign boulders are 'strewn over the bare rock surfaces. 

Duck lake, by aneroid, is found to be 1,244 feet above Lake Superior,. 
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and Portage lake 1,234 feet. Where the trail reaches Portage lake is 
a low upheaval of rock like No. 693. The country generally is made 
of this rock, nearly bare. It contains in some places considerable 
magnetite. May hew lake is 1,213 feet above Lake Superior. 

The same rock as 693, or some slight variation from it, continues to 
the entrance on Mayhew lake (or Iron lake), with increasing fre- 
quency of drift pieces of flinty quartzyte and slaty quartzyte. The 
trap is more magnetited in places, but, except in that particular no 
change can be seen. 

694. Gabbro, with much magnetite; a little east of the section 
line, between sections 32 and 33, on the south shore of Mayhew lake 
(or Iron lake.) The rock here is in even and continuous beds, that 
dip regularly to the south, like the quartzyte and trap of the country, 
undulating a little up and down. This is seen in many places. It 
occurs also on the south shore of Portage lake. The beds vary from 
four inches to twelve inches in thickness, and show weather-stripes on 
the exterior, due to varying composition, something like a sedimentary 
rock. (V. No. 814.) They suggest the query whether this trap may 
not be due to a change, in loco, of the early sedimentary rocks. The 
great extent, the constant dip, and this regularity of bedding, and its 
thinness, all coincide to point to that as its origin, rather than to the 
overflow of molten matter over so extensive a region. The mineral 
composition, however, is constant, and allies it to the igneous rocks 
of the **gabbro range'' which graduate into the trap rocks of the Cu- 
priferous. It seems, however, that there was a vast outflow of igneous 
rock in the midst of the era of the quartzyte and slate group, produc- 
ing this area of the "gabbro range," and separating the lower portion 
from the eras of the porphyries, and the red shale and red sandstone 
which are characteristic of the cupriferous formation proper. There 
are some reasons for believing that this great igneous outflow entered 
the sedimentaries as "laccolites'^ in many places, and thus tilted and 
modified the overlying beds, instead of being produced prior to their 
deposition. 

695. Magnetic ore, S. E. i Sec. 36, T. 65, R. 3 W. on the north 
shore of Mayhew lake (also known as Iron lake.) This rock is a con- 
dition of the trap of the country, and is almost entirely made up of 
magnetite. A careful study of this location warrants the following 
generalized statements : 

(1st.) The ore is in the igneous rock. 

(2nd.) It varies in quality very much, even passing into rock that 
cannot be styled iron ore. 
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(3rd.) It involyes with itself nodules of coarse gabbro containing 
considerable magnetite. 

696. Sample of this nodular or concretionary rock embraced in the 
iron ore. 

(4th.) It also embraces isolated pieces of gray quartzyte (appar- 
ently), but which in thin section are seen to consist of plagioclase, 
magnetite and augite; and some dark, crystalline, micaceous nodules. 

697. Samples of the dark and micaceous nodules. These dark 
masses embrace dark labradorite (?) biotite, haematite, with viridite. 

698. Samples of- what appears like a granular, gray quartzyte, but 
which really consists of the minerals that go to make gabbro. This is 
distributed through 695 in rounded lumps like some masses of No. 696. 
Some masses of No. 698 are very large, where they occur on the north 
side of the swamp. 

(5th.) It dips toward the south in beds whose aggregate thickness 
is at least fifty feet, but may be seventy -five feet, the actual amount 
being hid by a swamp. 

t6th.) It involves also detached masses of coarsely crystalline 
gabbro nearly free from magnetite, but containing biotite. 

(7th.) It sometimes gives place to a coarse trap of the same kind 
which is so large in amount as to constitute the rock of the place, and 
its connection with the ore cannot be sfeen. 

699. Samples of this coarse, micaceous trap. 

(8th.) It lies on a fine-grained rock like No. 698, which is a fine 
gabbro with chrysolite, resembling a fine, granular, gray quartzyte. 
This rock dips, so far as any dip is discoverable toward the north, and 
it seems to have furnished the rounded masses of No. 698 embraced in 
ihe iron ore. The northward dip is due to a deceptive appearance of 
<;olumns of basalt. 

700. Samples of this fine chrysolitic gabbro. This rock much re- 
sembles the chryrolite basalt No. 677. 

(9th.) In seams and gashes in No. 698, the rock No. 699 is also 

fomnd. 

(10th.) The iron in considerable, but unknown quantity, is of fine 
quality, being seen in other places besides this described.* 

West from this iron location, after passing the little bay running 
E. N. E. the north shore of the lake is made up of No. 699, which ap- 
pears massive, weathers lighter than the trap usual in the country, and 



*Thi« iroD ore constltatet what is locally known as the **Mayhew Iron Range/* and is found {n a belt 
ftboQt a mile wide on both sides of Iron lake, and on the soath side of Portage lake, and between Port. 
Age and Poplar lakes. An analysis reported by Mr. Hanse* performed by R. S. Robertson of Pittsburs, 
Pa., gaye the following rssnlt: Silica. 2 0-^; Alumina, 2.68; Titanium, 12.09; Seaqul Chroiitinm, 2.10; 
Mag. ox. Iron, 80.7^ Lune, traee, phos. acid, 0.03. 

6 
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appears like the **Rice Point Granite." It is hard and firm, and rises 
in domes which rarely show any dip. At one-fourth mile west of the 
little bay it is broken by the lake and ice in winter and over a small 
area shows both a horizontal jointage, and one which has more the 
characters of dip to the N. 45 degrees — the latter having the planes of 
separation at varying intervals of six to eighteen inches, and marked 
also by a lighter weathering, or by a pinkish stain in the feldspar. 
This, however, may be the remains of a former basaltic structure. 

701. The rock last mentioned, resembling the *iRice Point Granite.'^ 
It consists largely of a gray feldspar, is firm and massive and rounded. 
It also has diallage and magnetite, with occasional scales of biotite. 

702 is embraced in pockets and lumps in No. 701. It is the same 
rock, but with much coarser crystals, and a larger per cent, of diallage 
(V. No. 688 and No. 1 D.). 

703. Sample of iron ore at the east end of Pewabic Island contain- 
ing all the ingredients of the rock, even mica. There are three or 
four other islands in the west end of Iron Lake. The iron here is 
plainly embraced in the rock 701, which is also the same as No. 696; 
which is the same as the rock styled trap or gabbro all the way 
from the south side of Little Lake. This rock of course has variations 
which account for its different aspects, but in all these it does not de- 
part from the accepted characteristics of an igneoufi rock. Its varia- 
tions are included within the range of mineral associations possible, 
by relative changes, in plagioclase (probably labradorite), chrysolite, 
augite, magnetite and it has as accessories biotite, haematite and a 
green mineral that may be derived from a decomposition of the augite, 
which is also frequently in the condition of diallage. 

About a mile west of the end of Mayhew Lake, on the town line, is 
an isolated knob of the same kind of iron ore, in low ground, **30 links 
wide, all solid iron,*' so reported by Paul Morrison. 

704. South of the little island crossed by the E. and W. town line, 
in Mayhew Lake, the rock is highly magnetited. It is also micaceous. 
It has plainly a dip to the south of about 25°. The jointage here is 
also somewhat like the apparent dip seen on the north shore four miles 
west of the little bay. A similar deceptive jointage resembling a N. 
dip is to be seen at the portage to Loon Lake, the general dip being^ 
to the south. 

705. Appears like a metamorphic rock, bedded and dipping north 
about 45° at a point a little back (N.) from the shore, a short distance 
west of Mayhew's location, which underlies the iron-bearing rock, and 
the iron ore, and has been styled changed quartzyte. It really is a 
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crystalline, fine-grained rock which has hornblende changed to viri- 
dite, feldspar and magnetite, and its apparent northward dip is due to 
a fiine basaltic jointage perpendicular to the true dip, which is about 
the same in degree toward the south (V. No. 700). No. 705 has a 
visible thickness of 10 feet, and the overlying iron rock has a thick- 
ness of about 20 feet. 

706. Through the iron-rock at the location 705 run seams, three to 
six inches in thickness, of pinkish rock consisting of quartz, or- 
thoclase and hornblende, in rather fine grains. These seams and veins 
are parallel with the basaltic jointage of the rock No. 705. Some^ 
times a pinkish shade of color runs into the trap, accompanied by 
quartz. These pinkish l.eds and seams, which simulate planes of bed- 
ding are probably due to contact with the underlying formation and 
nfusion from it. 

7j7. In some places in the trap, where one of these red seams passes 
through it, the hornblende which accompanies the red rock, greatly 
predominates, or is very coarse, and sometimes is fibrous and radiat- 
ing, coating the walls of the seam. In such places mica also can be 
seen, and also, mixed with the fibrous hornblende, occasionally a crys- 
tal of quartz. 

Nearly everywhere about the shores of Mayhew Lake the rock is 
trap, or gabbro, but generally with more magetite than usual. 

708. On the portage north from Mayhew Lake to Loon Lake, the 
rock No. 705 first appears, with a southerly dip. Then, after a low 
space another ridge succeeds, showing the rock No. 708, similar, if not 
identical with No. 7<J5. This belongs to the great quartzyte and slate 
formation, or the "Animiki group.*' From the top of this ridge the 
descent to Loon Lake is sudden, and amounts to 150 or 175 feet 

7(»9. This is a range of high hills along the south side of Loon Lake, 
and between the bay and the lake, the top of which are made up of 
rock of this sample, which is like No. 708, having a thickness of 80 to 
90 feet. This has the outward aspect of trap and perhaps has been 
designated trap in former instances, but it is to be distinguished from 
the igneous rock that has been described. Under the microscope in 
thin-section it consists of a triclinic feldspar, and some orthoclase, 
changed (or viriditicj hornblende, magaetite, and a small amount of 
quartz — a kind of dioryte. Its affinities with the great quartzyte and 
slate formation are evident, and it seems to have resulted from a met- 
amorphism of the upper part of that formation. It is that which un- 
derlies the iron-bearing trap of Mayhew Lake. It is in heavy layers 4 
to 10 feet thick, and has a coarse, perpendicular jointage that makes it 
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appear basaltic. It stands in perpendicular escarpment facing north 
and west, making the tops of the highest hills. It probably has not 
everywhere been kept distinct from the true igneous rock or gabbro 
which constitutes a heavy stratum lying over it. (V. under No. 300.) 
This is taken from the hill near the base of the point separating the 
bay from Loon Lake. 

710. Dark, homogeneous, finely crystalline, heavy rock like No. 
684, underlying No. 709 in the same blufiF, 5 to 10 feet in thickness. 
This is in beds 6 to 10 inches thick. 

711 and 712. The rest of this hill is made up of alternations of these 
rocks, altogether making a thickness of 100 to 125 feet, down to the 
level of Loon Lake. The former constitutes about nine-tenths of the 
whole. It is black, and grayish-black, in beds from 4 to 40 inches, 
very fine-grained, sub-crystalline, with a felted polarization, having 
a conchoidal structure. The latter is of the same color but more 
coarsely granular, is in beds of 1 to 3 inches, and is slaty in the direc- 
tion of the dip, which is S. and 10° to 15° in amount, but in other 
places the dip amounts to 20 degrees. This hill is only one of a series 
of northward-facing bluffs which extend from some point in Canada 
as far west at least as the west end of Gunflint Lake, and produce a 
sudden shoulder in the surface contour. The actual highest divide, or 
Mesabi is usually a few miles further south, and is apt to consist of the 
gabbro rock. While there is a sudden descent northward irom the 
face of these bluffs, amounting to 300 or 500 feet, the general level 
toward the south ascends to the top of the Mesabi, though sometimes 
there are two or three interrupted lines of similar northward-facing 
hills before the Mesabi is reached. 

The country along the north of Tucker Lake is low, and occupied 
with magnetited trap, and this character continues southwestwardly 
some five or six miles further. 

713. From the north shore of Tucker Lake, a magnetited gabbro, 
embracing also masses of rock like No. 702. 

On the south side of Tucker Lake is a long range of hills rising 
about 100 feet, constituting the red Mesabi, though the whole tract 
between Tucker and Loon Lakes is also on the height of land for this 
region. 

714. Gabbro from the hill range south of Tucker Lake, in the N. 
part of Sec. 10, T. 64, 3 W. ; being the Mesabi in this part of the 
State. This is the same rock already described as constituting the 
low shores of Poplar and Iron Lakes (Nos. 693, 694 and 701). Be- 
tween this hill range and Tucker Lake are several lower ridges of trap 
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rock. South from Iron Lake the **red rock'* begins again in about six 
miles, according to Paul Morrison. 

Duck Lake is 1,244 feet above Lake Superior. Poplar Lake, which . 
is large and long E. and W., has numerous islands, resembling Saga- 
naga, except that here they are of diroyte and gabbro instead of gran- 
ite 

715. From an island in Poplar Lake, near the portage coming from 
Little Lake. The usual rock about Poplar Lake. 

Hungry Jack Lake is 1,069 feet above Lake Superior by this series 
of aneroid connections. Last year this lake was ascertained to be 
1,200 feet above Lake Superior by series of observations from Grand 
Portage, making a disagreement of 131 feet (see the ninth annual re- 
port, p. 78, where this lake is distinguished as a **lake south of Birch 
Lake"). If this is all due to erroneous observations of the Iron trail 
south from Grand Marais, the elevations given along that route should 
be increased somewhat. The error is more likely to be in that route 
than in the boundary line route.* 

716. Trjip-rock, from the top of the "stair portage'* which connects 
Duncan's Lake with Mud Lake. This forms a high basaltic bluff fac- 
ing north, a little west of the portage. 

717. Trap-rock from the north side of South Lake, opposite the 
town line between ranges 1 and 2 west. The north shore of this lake 
is low, and glaciated S. W. and N. E., and the south shore rises into 
high hills containing, presumably, the rock No. 716, at the top. 

718. Fine trap-rock, south side of Gunflint river, a little east of the 
location of No. 305 last year. This runs obliquely down to the river, 
and under the water, in angular basaltic blocks like trap, presenting a 
face Cback in the woods) toward the north much the same as the high- 
est bluffs of the country. 



*Mr. E. Le M. Hoare carried a series of aneroid elevatioriH from Grand Marais to Iron Lake for rail, 
road parposes, and fonnd the highest point on the line to be I.ISO feet. His route is shown on Plate H. 
ThlK height was reached in S. W. X Sec. 26. T. 63, north of the Twin Lakes From that point there Is 
a very gentle, undulating descent to Iron Lake, along his route, which was found to be about 1,176 feet 
abore Lake Superior, or 38 feet lower than by the ooservations of the geological survey. His profile 
shows a nearly level ^rade from the highest point southward to a poiiit about a mile and a half north 
of the DeviPs Track river, whei*e a descent begins. The crossing of the Devil's Track river is 1,015 feet 
above Lake Superior. For the next two miles and a half the descent is 160 feet per mile. Between two 
and a half and lour and a quarter miles from Lake Superior the grade is 165 feet per mile, and below 
that it is 147 feet per mile. The cro<i8ing of the South i ranch of the Devil's Track river is 665 feet above 
Lake Superior. By spirit-^evel and rod a point was fixed on the S. E. )i Sec. 13, T. 61 N., at the crofM> 
log of the creek, which hod an elevation of 1,060 feet, and by the same means Devil's Track Lake was 
found to be l,02.i feet, or 39 feet lower than by the observations of the geologiotl survey. Mr. Hoare 
states that numerous magnetite boulders are scattered over the country between Grand Marais and 
Iron Lake which produce marked local disturbances of the needle, and that there is evidently a deposit 
of iron ore at some point between Sec 5, 61, 1 E., and Devil'K Track Lake. From several assays Mr. 
Hoare «>tate8 that he ascertained the iron and titanium together in the ore fi-om Iron Lake to be pretty 
nearly uniform throughout, but that the titanium varied from 6 to 13 per cent., displacing about the 
same percentage of iron. The ore is in enormous quantiti< s, in one place laid bare so that he crossed 
over it 30 paces. Another deposit of magnetic Iron was a.«»8ayed by him, located ''close to Poplar river 
and near Lake Superior," which produced 38 p. o iron, 1.63 p. c. manganese, and .05 of phospnorns 
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719. Trap-rock, having a jointed, or basaltic structure, from the 
easterly of the two points that enclose the little bay on the south side 
of Gunflint Lake into which the portage comes from Loon Lake. This 
point rises about 76 feet. The top, represented by this rock, contain- 
ing augite, plagioclase, magnetite and a little hornblende and quartz, 
is of the rock that usually forms the tops of the high mono-cliuals of 
the country — a dioryte trap, perhaps a metamorphic condition of the 
beds of the great quartzyte and slate formation. It faces the lake 
and has a high talus of fallen blocks. 

720. The rock of the westerly of these points, almost identical with 
No 7j8, essentially the same rock as 719, presenting a walled face to- 
ward the north, much jointed, or finely basaltic, rather finely crystal- 
line, but rising but 10 feet above the lake. Thus it appears to make 
no diflference at what horizon samples are taken from the "quartzyte" 
formation, if they only come from the top beds at the place they are 
obtained. They are always "changed quartzyte," or trap, so-called. 
Slate can be got only at a depth of 75 to 100 feet below the top. It 
seems as if any and all the beds are subject to this metamorphisin 
when they happen to be superficial, unless these be unknown and un- 
suspected irregularities in the stratification. Hence, even at the very 
northern edge of the area covered by these mono-clinals, the changed 
rock, or trap, whichever it be, lies within a few rods of, and nearly on 
the same level as the talcose slate and syenite, as along Gunflint river. 

721. A careful section of the hill was taken, lying a little east of 
the portage trail from Gunflint Lake to Loon Lake, on Sec. 26, T. 65, 
3 W., for the purpose of ascertaining what relation might exist be- 
tween the basaltic beds which always lie on the tops of these hills and 
the slaty layers that compose them toward the bottom, with the fol- 
lowing result : No. 721, forming the top of the hill is 75 feet thick, 
and like numerous other samples already noted, viz., Nos. 308, 705, 
70^, 709, 719 and 720. The hill is 250 feet high. 

722. Obtained about half way down the perpendicular portion of 
the bluff". The same as the last, but finer-grained. It has also a 
darker color. It embraces apparently triclinic feldspar, magnetite, 
orthoclase, viridite and a little quartz. It also shows an occasional 
grain of pyrite and of dichroic hornblende. 

723. A dark, or gray, homogeneous rock, in general character sim- 
ilar to the last, though of a finer grain, resembling very much the 
rock No. 683. It has pyrite, and much of the magnetite is arranged 
in branching, foliage-like tufts, which can be seen in a thin section, 
from near the bottom of the perpendicular part. 
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724. One foot lower in the bluff than the last. Undistinguishable 
from the last. 

725. Six inches lower; same rock but finer. This is hard, fine, 
dark-colored. 

726. A foot lower; the same rock but finer, and tending to a slati- 
ness. 

727. Four feet lower; slate, fine, black or nearly black, of the kind 
commonly seen in these bluffs. The rest of the bluff* is much hid by 
talus, but so far as can be determined consists of rock like 727. A 
hundred feet lower, and but a short distance north from ihe foot of 
this bluff was obtained No. 720, forming the top of a lower ridge of 
rock. 

The transition from the basaltic rock, or trap, forming the top of 
this hill (No. 721) to the slate of No. 727, is more abrupt than on the 
south side of Loon lake ; but there is still here an imperceptible transi- 
tion. There is no suddenness about the change, nor break in the bed- 
ding to indicate the former fluidity of the top of the hill. The change 
is complete in the space of four feet — from basaltic columnar structure 
to perfect, horizontal, or l^outhward dipping slatiness. If the basaltic 
portion is due to igneous origin there was such a transfusion of min- 
eral characters, and such a perfect cementation between it and the. 
slaty portion that no line of separation where the igneous portion was 
superimposed on the sedimentary, can be designated. 

A second visit was made to the locality No. 312, on the north side 
of Gunflint lake, where the flint beds appear in outcrop, about half a 
mile east of the outlet of the lake, at which the following conclusions 
were reached : 

1st. The rock is a breccia in which the flint, generally black, or 
dark jasperoid, appears in a gray rock which weathers rusty, in angular 
pieces of all sizes up to two feet, or even makes continuous beds more 
or less tilted and broken. Sometimes also the gray rock that weathers 
to a rusty color on the beach is in angular pieces or patches in a mass 
of angular pieces of non-rusty gray rock; and sometimes the two al- 
ternate in parallel bands as if so deposited as sedimentary beds at flrst. 

2nd. The formation, as it is, is tilted into the lake, southward, at 
an angle of perhaps ten degrees, on an average, though there are 
places where the dark jasperoid layers seem to stand nearly vertical. 

3rd. The whole formation is rudely basaltified in small columns. 

4th. The thickness visible, in an interrupted series of outcrops, 
seems to be about twenty feet. 

5th, A little distance further west, and near the extremity of the 
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point before reaching the '^narrows/' the exposed rock is slate again, 
at first horizontal, and then with a dip of eighteen to twenty degrees 
to the N. E. then S. again; becoming hid by trees the rock termin- 
ates, and the point too, the elevation of the hill being forty to fifty 
feet. 

The close proximity of this flint and jasper locality to the next great 
underlying formation (syenites and slates) makes it one of great inter- 
est to the geologist, but so far as scrutinized, as yet the true relation 
of the two formations are not revealed by anything here seen, though 
there seems to be an unconformability between them. At the * 'nar- 
rows" is basaltic trap rising in characteristic bluff's and striking E. 
and W. with a face toward the north. 

728. Rock of the island in Saganaga lake nearest the inlet from 
Gunflint lake, on the south side. This is a syenite with mica, con- 
taining much coarse quartz. The feldspar is orthoclase, of which the 
greater portion is white, but some of it is flesh-colored. It is a beauti- 
ful, light-colored syenite, suitable for ornamental purposes. This rock 
prevails about Saganaga lake, but also becorates darker by an increased 
amount of hornblende. 

729. Syenite from ^'Cariboo narrows" N. E. i Sec. 19, T. 66, 4 W, 
Gull river and lake may be ascended by course to near the S. W. cor, 

of T. 66, 4, without portage, by passing two rapid places. Gull lake 
is thirty-nine feet above Saganaga. A portage is necessary at the 
third rapids. Gull lake is similar to Saganaga in having numerous 
islands based on a light-colored syenite. 

W. Gull lake, which is united by a short rapid stream to Gull lake, 
is twelve feet higher, and is filled with the same sort of rocky islands, 

73D. Syenite from the rapids between Gull and W. Gull lakes. 

Along the south side of these lakes, distant about two miles, runs a 
range of mountains which seems to be a continuation of that running 
west from the south shore of Gunflint lake, marking in general the 
northern limit of the slate and quartzyte group. 

731. The rock 730 continues to form the islands and shores of W, 
Gull lake to near the point where the stream from Frog-rock lake 
enters it, near the southwest end, where the rock 731 takes its place, 
rising in little hills of very similar contour and size, some of each ris- 
ing 50 to 100 feet. This rock is very tough, greenish, has in general an 
imperfectly schistose or fibrous structure, is seamed and jointed finely, 
some of the seams being filled with a fine-grained, siliceous, nearly 
white rock, or pinkish quartzyte, which is faulted frequently by other 
seams, making a zigzag network of joints and seams. Some of these 
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seams are of a pinkish color, and six to ten inches wide. But they are 
themselves broken and often entirely diiFused and lost. The rock is 
not slaty, but separates under the hammer into rude rhombs. It is 
fine-grained. (V. Nos. 348, 355, 356, 358.) This rock in thin-section 
shows a matrix which is homogeneous, transparent, penetrated by the 
other minerals, and between crossed Nicols has a neutral color, dark- 
ening on rotation of the stage, with the quick limpid change charac- 
teristic of quartz, but not having its brilliancy. The other chief min- 
eral is green fibrou-; hornblende, but it is so changed that it is rarely 
dichroic, and is often more like serpentine than hornblende in its opti- 
cal characters. There are also a few grains of some triclinic feldspar. 
This composition seems to make this rock an amphiboly te. In land 
specimens it is not distinguishable from the amphibolyte of Littleton, 
N. H.* 

The stratigraphic relations of 730 to 731 are not easy to make out. 
Sometimes they liej immediately in contact, the plane of separation 
being perpendicular, and sometimes they are in separate knolls, or 
hills, contiguous, the contact of which below the soil is not visible. 
In general the hills^ composed of the amphibolyte are higher and 
rougher than those of the syenite. 

732. Light pinkish granulyte, or quartzyte, embraced in veins in 
No. 731. 

733. Frog-rock lake, which is next west of W. Gull lake, is so 
named from the Chippewa word which signifies spotted or greenish, 
from the appearance of the rocks, and it is seventy -three feet above 
Saganaga. The mineral which gives green color to the rocks of this 
region appears sometimes in thin seams or in coatings on opened 
seams, as shown by the samples of this number. 

734. This greenish rock in some places is very fine and tough, and 
also porphyritic. 

735. At the very entrance to Frog-rock Lake is a hard, massive, 
speckled dioryte that forms a little fall where the water goes out of the 
lake In passing the portage, white quartz is seen in pockets in this 
rock (731 and 734) sometimes having perfect crystalline terminations. 

736. From an island in Frog-rock Lake, about half a mile south- 
west from its outlet; a green amphibolyte ( ?). 

737. A talcose or chloritic rock, having a coarse perpendicular 
schistose structure, from the rapids between Frog-rock and Town 
Line Lakes, northwest from Frog-rock Lake. This is conglomeritic, 
some of the pebbles being . six inches across and like the gray amphi- 

♦No 216, of the "typical rocks of New Hampshire/' or So. 3,016 of the Muxenm Register. 
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bolyte (No. 731). There is in it also considerable pyrite. The peb- 
bles are rounded, and are intimately connected with the matrix. There 
may be thirty feet of this here visible, including that below the water 
and above. There seems to be a S. dip of about 1 to 15 degrees. The 
aspect of the countrj'^ changes at once on entering on this conglomer- 
ate. There are no bald, rocky hills to be seen around the Town Line 
Lake, but the trees grow all over the rock, and down to the water. 
The level of this lake is 83 feet above Saganaga, and King-fisher Lake 
(or Ogishki Muncie) is ten feet higher. The rapids connecting them 
are formed by the same rock (737). 

738. A fine, firm conglomerate, or grit, containing considerable 
pyrite which changes to iron oxide near the surface The grains are 
mainly of quartz, as well as of flint and feldspar. Some of the 
flint is black, and two inches across. This rock recalls the Gunflint 
beds. It seems also that the rock 737 is a part of the same conglom- 
erate as 738, but at a lower stratigraphic horizon. It hence seems as 
if the Gunflint beds, which are the lowest part of the quartzyte and 
slate series (the lower volcano of Logan) pass by a common meta- 
morphism through the perpendicular slaty, or schistose structure into 
the slates of the Huronian — but whether at first conformable to them 
or not, cannot be said yet. This rock (738) does not continue far west 
of where it appears, which is near the N E. end of Ogishkie Muncie 
Lake, on the south shore. It stops at the first narrows, at the east 
end of the lake apparently jogging off south suddenly, since the rock 
731 sets in in full force on the south side of the lake on the W. of 
these narrows, and continues to one-half mile west of the section line 
between sections 13 and 24. 

739. At one-half mile W. of the section line; somewhat quartzyte, 
firm and resembling 738. This occurs suddenly in No. 731, and it 
weathers into large angular blocks, while No. 731 is apt to weather 
out in rough schistose fragments. 

Directly across the lake, on the north shore the rock 738 can be 
found again appearing in a similar manner as on the south side, ?'. e., 
in a bluff and hill near the lake, but 731 appears soon on the south 
side, and with sundry variations forms the south coast to the peninsula 
on the south shore crossed by the line between Sees. 23 and 26 which is 
made up of the quartzyte and slate, having a dip to the S. S. W. of 
about 80 degrees. The slate alternates with the quartzyte beds, the 
former being in layers generally of two to three inches, and the latter 
in beds of six inches to two or three feet. There is in the slate, which 
is slaty in the direction of the true bedding, also a tendency to slati- 
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ness E. and W. perpendicularly, so that the beds are apt to separate, 
when struck, both in the direction of the true bedding and along the 
weathered planes of the E and W. slatiness, making thin lenticular 
wedges. This E. and W. slatiness is not visible in the quartzyte. The 
same alternation of slaty and n on -slaty beds is to be seen on the S. 
shore of Vermilion Lake, and at Thompson. 

740. Slate from the above. 

741. Quartzyte from the above. This is much like No. 738. 

742. Dyke-rock, from a dyke cutting the great conglomerate of 
Ogishkie Muncie Lake, N. W. i N. E. i Sec. 26, T. 65, 6 W. Plagi- 
oclase, magnetite, chrysolite, a little hornblende (?), a little quartz 
pierced by spicules of apatite and pyrite. This dyke is six and a half 
feet wide and runs E. 10° S. It crosses a little peninsula, and on both 
sides disappears below the water of the lake. It is a dark, heavy, firm 
rock, not differing from numerous others seen crossing the great quartz- 
yte and slate formation. 

743. Calcareous, rusty schist, apparentlj^ talcose, and overlying the 
iw-xt; this has a strong resemblance to the conglomerate schist No. 
737. It is coarse, and seems to disintegrate more readily than any of 
the rocks of this region. It is in the lower places. It has no evident 
dip, or bedding, but a schistose structure running E. and W. perpen- 
dicular. 

746. Associated with the last is a grayish marble, which may also 
contain siderite. They are in the N. E. i N. E. i Sec. 26, T. 65, 6 
W. The marble rises in an inconspicuous low ridge, in a valley. It 
is coarsely jointed, and has an a] parent dip toward the south of about 
10 degrees, and is 22 feet thick. 

744. From the great conglomerate, but showing one of the indef- 
finite conditions of the same. The conglomeritic character is hardly 
distinguishable on a fresh fracture of the rock which sometimes shows 
different shades of green. But all over the surface, when glaciated and 
weathered, are visible the forms of rounded boulders, included in the 
rock, the different colors and grain of the boulders being brought out 
plainly. This is essentially the same formation as the rock 743 and 
737, and it constitutes by far the greatest part of the country rock 
about Ogishkie Muncie Lake. Wherein the rock 737 differs from 738 
which also passes into 744 by the accession of slaty structure and then 
the obliteration, or modification of it by the accession of bouLlers, it 
may be ascribed to varying proximity to and influence of the under- 
lying * 'talcose*' rocks in the process of deposition and metamorphism. 
The rock 744 forms the little island in the central narrows of Ogishkie 
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Muncie Lake*, near the peninsula crossed by the line between sectinos 
23 and 26, and the mainland south and north. On the island, it is a 
real conglomerate, with a smoothly glaciated surface, and the sections 
of some of the rounded stones are a foot and even more in diameter. 
They are very abundant. Sometimes the rounded stones make three- 
quarters of the whole rock, but in other cases the slaty matrix is near- 
ly free from them, over considerable areas. The general surface rises 
in short, zig-zag ridges which, though often entirely bare, have boul- 
ders and a thin soil of clay and mold in the valleys between them, so 
as to obscure their inter-relations. In these valleys are a multitude of 
fallen, half -burnt trees, among which are growing small birches and 
willows (V. after 752). 

There is a sudden change in the direction of strike of the rock of the 
country, in the N- E. i of Sec. 26, from nearly E. and W., to N. and 
S. At the shore on the peninsula in Sec. 23 it is the same as the 
slates generally seen in the Huronian, in this part of the State, but 
after passing the valley in which are the calcareous schist and the 
marble, it is N. and S. That the change is somewhat sudden is shown 
by the fact that the beds running N. and S. are seen to cease abrupt- 
ly and to be replaced by the conglomerate in a number of places. The 
conglomerate in these cases is, so far as seen, rather finer than the 
average. 

745. Slate and quartzyte, from the rock that strikes N. and S. (as 
above), showing the bedding of sedimentation, the tendency to E. and 
W. schistose structure, and the jointage to which the whole is subject' 

746. (See before 744.) 

747. Directly south of 745, (on the lake shore) i. e. in the S. W. i 
S. E. i Sec. 26, is the hard, black rock represented by this number. It 
is a kind of black quartzyte, or flint, the dip of which cannot be stated. 
It is finely jointed or broken, nearly at right angles transversely, oc- 
cupies the area of a small ridge near the shore- 

748. On the portage from Ogishke Muncie lake to Dyke lake, 
which is a little lake southwest from Ogishke Muncie in S. E. i Sec. 
28, is a siliceous slate, standing vertical. It is cut by a dyke running 
about N. and S. thirty to forty feet wide. 

749. Rock from the above dyke; dark doleryte. 

750. Conglomeritic slate. This passes into the slate 748. It shows 
no bedding. From the north side of Dyke lake. 

751. S. E. i Sec. 30, T. 65, 6 W. north of the east end of Caca- 



*With one exceptioH this is the only island which has its forest yet standing; most of the country 
being utterly destltate from fires. 
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quabie lake, is Mallmann*s Peak. It extends rather as a lower range 
toward the N. E. half a mile, terminating at the end of the lake in the 
northern part of Sec. 29. This rock is a peculiar porphyry. The 
ground mass is amorphous, and the disseminated crystals are horn- 
blende. It is unlike any thing before seen. 

752. A dyke forty feet wide, represented by this number, cuts the 
last. This is a doleryte with considerable magnetite and pyrite. 

Further examination of this great pudding-stone on the high pen- 
insula that projects from the north shore of Ogishke Muncie lake, on 
Sec. 23, shows that it is crossed by E. and W. bands due to sedimenta- 
tion. These bands stand nearly or quite vertical. They are similar 
to those seen in the quartzyte and slate, but are coarser and more in- 
distinct. They are seen in the finer parts of the pudding-stone, when 
the rock passes into a fine conglomerate or coarse quartzyte. 

On this peninsula nearly one -half of the pebbles in the rock, large 
and small, are from the Saganaga granite. Next in frequency is a 
variety of greenish pebbles, apparently from the same formation, or at 
least from the rock 731, and some like the dyke rock 742. Next comes 
quartzyte, which is sometimes gray, sometimes white. These graduate 
into white and gra,y pebbles, some of which are also black and very 
fine, like flint, having a short conch oidal fracture. Some of these last 
are banded like the jasper and flint of the gunflint beds. One banded 
piece of black-gray flint which was noted was a foot across* These 
various pebbles weather into a variety of colors making the face of the 
bluff perfectly spotted and mottled. The conglomerate is a part of the 
slates of the region, and is interbedded with them. 

About three-fourths of a mile north of the central narrows of the 
lake, the conglomerate, which continues all the way, with a dip S. of 
80 or 90 degrees, (sometimes varying a little to the S. E.) contains 
large, rounded pieces of the ''Saganaga granite," which proves the 
greater age of that granite, and the unconformability of this slaty con- 
glomerate, and the beds that are its equivalent elsewhere, upon that 
older formation. Some of these large pieces of syenite are over two 
feet in diameter. The conglomerate also here contains red jasper. 

At about a mile north of the narrows the red jasper becomes very 
common, some pieces being six to eight inches across on the face of 
the rock. 

At about a mile and a quarter north of the narrows the conglomer- 
ate becomes finer and finer, and the slaty bedding comes in, the whole 
being converted to 740 and 741, and at once the hills rise in a rude 
range, broken by off-sets, to the height of 150 or 200 feet higher than 
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the general level. The highest hill is about in the center of the S. 
W. i Sec. 14, and the top consists of the rocks 740 and 741, passing to 
731, with vertical bedding. The strike of the northern limit of the 
conglomerate is S. 35° W. and at about one and one-fourth miles N. 
of the central narrows. Through the whole of this distance the dip is 
nearly uniform (80^ to 90° from the horizontal); and by the construc- 
tion of a right angled triangle a calculation will make a thickness of 
6,574 .8 feet, for the conglomerate on the north side of Ogishke 
Muncie lake, and there may be as much more on the south side. 

753. • Is an average sample of the most of the hill on S. W. i Sec. 
14, T. 65, 4 W. (as above.) It represents a vast amount of rock in 
this country, since much, even of the conglomerate, is of similar rock^ 
This here is banded with finer beds, approaching slate, which, when 
favorably weathered, falls to pieces as slates, though very siliceous. 

From this hill the mountain-range on the south side of Ogishke 
Muncie lake can be seen to extend east as far as the eye can distin- 
guish, and probably to Gunflint lake. The point of observation is 
E. 33° N. from Mallmann's Peak. Part of Knife lake is W. S. W. To- 
ward the N. W. is a lake one-fourth mile away. East 33° north, is 
another small lake one-fourth mile distant, and at the foot of the hill 
S. is another little lake. Toward the north is. a similar tract of coun- 
try, burnt over, running to Otter Track and Knife lakes, made up 
(probably) of the rock No. 753, as no such conglomerate was seen 
along there last year. 

754. Jasper conglomerate, one mile north of the central narrows 
of Ogishke Muncie lake. 

The **Gunflint beds," south of Gunflint Lake, (V. after No. 747) 
have been associated with the slates and quartzytes of the overlying 
formation, rather than with the talcose slaty beds underlying (V. 426) 
but observations about Town Line and Ogishkie Muncie Lakes seem to- 
indicate that they are here a part of a schistose, slaty formation, high- 
ly inclined, which belongs to the Huronian, passing into the great 
conglomerate of Ogishkie Muncie Lake. 

So far as can be determined by the observations made, the following 
statement of the order of superposition seems to be warranted, in de- 
scending order (V. after 551). 

1. The nearly horizontal quartzyte and slate formation composing 
the hills of the Grand Portage and the International boundary as far 
as Gunflint Lake. 

2. The coarse grit or fine conglomerate, No. 738. 
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3. The Jaspery and calcareous beds that are known as the **Gun- 
jflint beds," Nos. 737 and 743. 

4. Gray marble, No. 747. 

5. The tilted, slaty conglomerate, and the great conglomerate, 
about Ogishkie Muncie Lake, Nos. 744, 750 and 754. 

6. The amphibolyte and the chloritic slates, Nos. 731, 753, 348, 349, 
350, 355, 356 and 358. 

7. Mica schists, and alternations of mica schists and syenite, Nos. 
335, 337, 339, 4Q1, 406, 408, 414 and 417. 

8. The syenites and granites of Saganaga and Gull Lakes. 

There is yet one very important, undetermined question relating to 
this generalized section which ought to be borne in mind, viz : Ts the 
great quartzyte and slate formation of the international boundary 
(No 1 of this section) the same as the highly tilted, slaty and quartz- 
yte formation which passes into the great conglomerate? (No. 5.) 
There are some considerations which seem to imply that it is, though 
in all descriptions and sections they have been treated as different ter- 
ranes. (a) Where the horizontal slates approach the syenites at the 
east end of Gunflint Lake there is nothing to be seen of any beds rep- 
resenting the tilted slates. The syenites and their associated schists 
come on at once. (b)Whei'e the tilted slates and the conglomerates 
associated with them are traceable from the syenite upward to the 
gabbro as south of Ogishkie Muncie Lake, there is nothing to be seen 
of any beds like the horizontal black slates of No. 1. (c)The **Gun- 
flint beds" appear to belong to the horizontal slates of the internation- 
al boundarj^ at Gunflint Lake, but their supposed equivalents at Ogish- 
kie Muncie Lake belong to schistose and tilted slates and conglomer- 
ate. (d)Although the horizontal slates and quartzytes of the inter- 
national boundary strike west and southwest across the State, forming 
one of the most important topographical features of the northern part 
of the State^ and can be followed for many miles as such, yet they are 
lost entirely in the region of the upper St. Louis, and the tilted slates 
are the only ones seen where that river cuts the rock at Knife Falls 
and below. (e)The great gabbro belt, which surmounts the hori- 
zontal slates along the international boundary, and prevails to the east 
and south of their line of strike, is seen to pass to the west of Lake 
Superior, at Duluth, and to disappear from sight suddenly between 
Duluth and Fond du Lac as if its continuance depended on the main- 
tenance of the horizontal formation with which it is associated. ( f) 
Where the Ganflint beds become a jaspery haematite, as south and east 
of Vermilion Lake, the structure of the tilted slates passes into the iron 
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ore as if of the same formation. (g)The formation which underlies 
the cupriferous at Fond du Lac is the tilted slates, and that which un- 
derlies it at Grand Portage is the horizontal slates. 

A thorough examination of the hill-range between Gunflint and 
Ogishkie Muncie Lakes would probably reveal the facts as to any 
transition from the horizontal slates to the tilted slates. 

In going south from Ogishkie Muncie Lake toward the mountain 
range, so as to strike the summit on Sec. 34:, the dip and strike of the 
rock are seen to change several times. At the shore is a fine conglom- 
erate, then quartzyte and slate in contorted bedding, then the same 
with a dip east, then the same with a dip northeast, then south, then 
coarsely arenaceous without any distinct dip, apparently once broken, 
then vertical with strike N. and S. South of the crossing of the creek, 
about half way from the lake to the summit, the rock is very confused 
(apparently brecciated and recemented), and the bedding cannot be 
made out. Then the dip is west, verging to southwest. 

Although this is not all conglomerate, on close examination it seems 
to show in the field such variation as can be referred, very much of 
it, to an original conglomeritic condition. In approaching the summit 
this condition is less and less apparent, the stones gradually losing 
their identity in a common, more homogeneous mass. 

South of the foregoing interrupted series of hills, occupied by the 
changes described, all pertaining to the conglomerate — quartzyte — 
slate formation, is the first ridge. The rock is rounded and smoothed 
by glaciation, though the direction of movement cannot be ascertained 
by any preserved striae. There is a sudden change in the character of 
the rock of the hill in passing to the ridge. 

755. The rock of this ridge is a greenish, tough rock, much like 
that of No. 731 iri outward character, rather fine-grained, has numerous 
quartz veins and seams, and forms a large area and ridge on the moun- 
tain side. While outwardly it appears like No. 731 it has the mineral 
composition that more resembles a dark, fine dioryte (V. "684 and 678). 

756. Passing further south, crossing a valley, another ridge is met 
with, rising higher, consisting of this rock — a coarsely crystalline 
dioryte, with a little quartz and magnetite, the hornblende being 
changed to viridite. It is cut by — 

757, a gray, rather fine, trap-rock, in a dyke running N. W. and S. 
E., six feet wide. 

Further south is another higher, bare ridge, broad and smooth, con- 
stituting the top of the mountain. The rock is — 

758, a *'trap'' of a greenish color. 
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759. Occurs in patches in No. 758 and is like No. 756, but contains 
so much magnetite as to appreciably increase its weight. This is from 
the summit south of Sec. 35, about one fourth mile. 

Of the rocks constituting the mountain east of Twin Peaks, Nos. 
755 and 758, are the chief mountain-making rocks, and No. 758 is the 
most important, spreading a great distance still further south (judging 
by the form and color of the hills in view), and also probably a great 
distance east. Indeed, it is probably the rock that constitutes the divide, 
south of Gunflint and Tucker lakes, this range being visibly a continu- 
ation of that. 

In passing from Ogishkie Muncie lake directly to Twin Peaks, the 
following observations were made by Mr. Mallmann. After a space of 
conglomerate, perhaps one half a mile, there is a gorge in which a 
creek runs S. 30° W., the rock over which it passes being — 

760. A light siliceous marble, or calcarous quartzyte, undis- 
tinguishable from the marble. No. 746. On either side of the gorge 
is a wall of rock. On the west is conglomerate, and on the east is No. 

761. which is a pyritiferous, dark aphanitic rock, one of the condi- 
tions of the slate of the slaty conglomerate. 

762. Is from a trap dyke cutting the conglomerate, about one fourth 
mile from the lake. 

South from the gorge is more conglomerate and quartzyte, then a 
ridge, or a succession of benches rapidly ascending. The first bench, 
20 feet high, has regular bedding, and dip toward the south, but no 
basaltic structure. It consits of No. — 

763. Which is apparently closely allied to No. 755. 

764. In a higher ridge is this rock, which is the same as 763. 

765. The top of the Twin Peak (E. Twin) is a fine-grained variety of 
the same rock. This peak, and the general average of the mountain 
range may be 500 feet higher than Ogishkie Muncie lake. The Twin 
Peaks are conspicuous because they stand isolated, further north than 
the rest of the high land, not because they are higher. 

Fox lake, which is 141 feet higher than Saganaga, affords a fine ex- 
hibition along its south shore, of the broken condition of this quartzyte- 
slate -conglomerate formation. The bluff rises nearly perpendicular, 
but is somewhat rounded off by glaciation, and the edges of the bed- 
ding cross the face of it in a very tortuous and angular irregularity. 
Some of the beds which are nearly horizontal are terminated at one 
place by a, perpendicular line, on the other side of which the beds are 
nearly vertical. In other places the bluff shows both synclinal and 
anticlinal bends. 
7 
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Ash lake (or Agemok lake) is 200 feet above lake Saganaga. On the 
portage from Fox lake to Ash lake the formation strikes S. E. and N. 
W., with a dip S. W. of 60° to 80°, the most of the way. It then 
changes suddenly to a strike S. W. and N. E., and then soon becomes 
confused in a general breccia. Near Fox lake, where the beds strike 
S. E. and N. W., there is a ferruginous belt. Through about four feet 
the hard slates are rusty with haematite. The pieces are also feebly 
magnetic, but there is not enough iron to be of any value. 

766. Iron ore near Fox Lake. 

Gobbemichigomog lake is 210 feet above Saganaga. At its west end, 
just west of the town line is a northward facing hill of bedded trap, 
and a low range runs along the south side of the lake, but the main 
hill-range strikes along north of this lake, jogging a little to the north. 

767. From the south side of Gobbemichigomog lake. A fine- 
grained heavy rock of a gray color, resembling the rock No. 677, evi- 
dently having much chrysolite. 

There are several short perpendicular bluffs of bedded trap, some of 
it approaching the last in characters, along the south shore of Gobbe- 
michigomog lake J and one of them is quite ferruginous. They rise 
from 20 to 40 feet. From one near the lake is obtained — 

768. Somewhat irony trap, with chrysolite and mica. 

Crooked lake is 217 feet above Saganaga, and Little Saganaga is 225 
feet. About Crooked lake the country is wholly in the trap of the 
Mesabi. It rises in numerous knobs that make rounded, bare islands. 
The same rock continues to and into Little Saganaga lake where it also 
causes many islands. In some places it rots and crumbles easily as at 
Beaver Bay. 

769. Trap, from the N. W. end of Little Saganaga. 

770. On the south side of Little Saganaga the rock weathers white. 
It rises in higher bluffs, resembling the Rice Point gabbro, and even 
approaching the whiteness and nearly the purity of the so called "feld- 
spar rock." It is mainly of feldspar but also contains magnetite and a 
little pyroxene. The hills and ridges show in general a course bedding 
which dips south. Ridges 10 to 50 feet high. The sample collected is 
weathered. Boulders of iron ore like that of Mayhew lake, are scat- 
tered about. 

East-and-West lake is 231 feet above Saganaga. 

771. Pmkish-red vein of syenite in rock No. 770, dipping E. 75''. 
It is 20 inches wide, on the south shore near the east end of East-and- 
West lake. This red syenite here is comparable to the red syenite asso- 
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ciated with the gabbro at Rice's Point. In both places it penetrates ir- 
regularly through the gabbro. 

The lake in Frog Rock river is 211 feet above Saganaga. On the 
portage north from the lake in Frog Rock river are to be seen several 
veins of red syenite in the feldspar rock of the country, like 771 dip- 
ping E. The dip is generally south, about 50°, but is also S. E., E., S. 
W. and even N. W. 

772. From a vein, one foot wide, of this rock in the neighborhood 
of the east-dipping red veins. This is coarsely crystalline, and consists 
of the usual minerals in the gabbro of Rice Point, but also here seems 
to have quartz and mica, perhaps derived from the red rock with which 
it is in close association. This whole formation resembles "Rice 
Point granite*' in outward characters, and in mineral composition. 
It sometimes decays in round masses, as if at first a conglomerate, in 
the same manner as near the Duluth depot. (V. No. 4 A.) The last 
lake in Frog Rock river is 258 feet above Saganaga. Passing from 
this lake by a long portage toward the southwest, the Mesabi lake is 
reached, 338 feet above Saganaga lake. 

773. Rock of the country, about the last lake in Frog-Rock river. 
It is a gabbro. This formation not only seems to be the "Rice Point 
granite," and the iron-bearing rock of Mawhew lake, but also to have 
furnished the feldspar masses of Castle Danger and Beaver Bay. The 
portage from the last lake in Frog-Rock river to Mesabi lake rises ISO- 
feet, and passes nearly all the way over this rock. Merabi lake is 70 
feet lower than the divide, and its outlet is toward the north, uniting 
with Frog-Rock river. 

The same rock continues nearly across the portage to Duck lake,, 
where another formation sets in, viz : 

774. This comes in apparently through No. 773, at first, but after- 
ward it lies on 773, and in rude lenticular and broken bedding dips to 
the south. It forms a range of hills about 100 to 150 feet high next 
west and south of Mesabi and Duck lakes. It has been molten, as 
evidently as 773, and in that sense it is an igneous rock, but it difiers 
from it in its mineral composition. It is a reddish syenite, but seems 
to contain mica, as well as some plagioclase. In passing along Duck 
lake considerable confusion prevails in the relative positions of Nos. 
773 and 774. Along the south side of the point that separates the lake 
into N. E. and S. W. parts. No. 774 plainly lies on parts of No. 773, 
but on the east side of the lake, there is considerable mixing, the two v 
changing places suddenly, and either one being in patches in the other 
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— particularly 774, embracing masses of No. 773, and suddenly cutting 
Xo 773 like dyke-rock. 

775. At the S. E. end of Duck lake 773 lies on 775, which is the 
well-known and so-called **red granite." This lies in even and regu- 
lar beds of four to eight inches, (or in beds of three to four feet), dip- 
ping south, amounting in all to about twenty feet, the rock 773 being 
unconformable on it, but intimately cemented to it, as at Rice Point. 
Over both of these, further toward the S. E. No. 77ti, comes in again. 
(V. 776.) 

Duck lake is 31S feet above Saganaga. 
L. lake is 413 feet above Saganaga. 

The portage is along the stream between these two lakes and is over 
the rock — 

776. which is seamed and blotched with the red rock 775 and ap- 
pears to be afiFected by it throughout. This rock prevails through 
this portage with occasionall}' a characteristic patch of No. 773 — as 
seen at the south end of the portage. At the point where the portage 
leaves L lake is a bluff at the left made up of the following (777-780.) 

777. A characteristic gabbro, seamed by red syenite, and weath- 
ering nearl}' white, porphyritcally, so as to appear much like No. 773 . 
This passes downward into — • 

778. which was obtained about thirty -five feet below the top of No- 
777 and near the next. This is apparently a form of the gabbro when 
in closer contiguity with the sedimentaries and has been penetrated 
by minerals from them. It is finer-grained than No. 777 and darker, 
but also seems to have orthoclase and mica. These together, make a 
^hiekness of about forty -five feet, from the top of the bluff downward. 
They are one in structure, dip and general characters. They dip south 
in heavy layers at an angle of about thirty degrees. 

779. Red syenite, unconformable under 778, showing about fifteen 
feet. What appears like bedding in No. 779 may be coarse jointage, as 
there are two sets of planes, one set being perpendicular to the bedding 
of the gabbro overlying, and the other crossing it so as to have -a dip 
south of about seventy degrees. 

780 is a form of the rock in the same bluff about twenty feet below 
the top— evidently a part of the igneous rock, but affected by proximity 
to the underlining rock so as to appear like a dioryte. 

There is a striking contrast in the appearance, form and color of the 
rocks 777 and 779. 

Wind lake is 473 feet above Saganaga lake. On the portage to 
Wind lake the rock No. 777 is the prevailing rock at first, but is varied 
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by patches of red rock, and a fine-grained rock like No. 778. Then — 
781 prevails, cut by seams of red rock like the last, and having sud- 
den variations to Nos. 777 and 778 and even to No. 774. This is a 
light-colored, fine, syenitic granite. The red rock, continues to in- 
crease in area till at Wind lake, nearly one-half of the visible area is 
of red syenite, the rest being some of the rocks 777 or 781. The most 
of the surface is bare rock and can be examined easily. The red sye- 
nite is in the lower parts and the other rocks are in the higher. It al- 
ways appears to come out under the others when it appears in bulk 
and indicates its proper relation to them. The red seams which jjass 
upward into the dark rocks are exactly simulated by the same relations 
of the gabbro and the red syenite at Duluth, and this place must be at 
about the same geological horizon. There is much reason to regard the 
rocks 773, 774, 776, 777, 778, 780, as all phases of the same great for- 
mation, an igneous rock which fiowed over 776 and 779, and in con- 
tact with them was modified into the various textures and degrees of 
fineness that they illustrate; and that the red rock, which must be re- 
garded as the red formation of the Brul6 and the Great Palisades, in 
the process was fused and injected into them. This red formation, 
which makes red syenites and gneisses, belongs in the lower portion of 
the cupriferous, as hitherto classified, and seems to be the same that 
in Michigan has been grouped by T. B. Brooks in the Huronian.* 

Along the north side of Wind lake, these formations, the red and 
the gray, are somcjwhat interbedded, and so brecciated and mixed that 
the bluff's are spotted promiscuously with the two colors. Sometimes, 
also, they seem to have been fused and blended into a rock that is 
neither red nor gray. 

782. A micaceous quartzyte, of a light red color, from the S. E. 
side of Wind lake. This is less granitoid than usual, but is still a part 
of the red rock formation. 

783. A micaceous brown quartzyte, of the same series of rocks, 
from •the S. E. side of Wind lake. This is one of the metamorphosed 
sand.stones of the cupriferous. 

At the place where the portage trail leaves Wind lake is a bluff 
which in form is a duplicate of the red quartzyte bluffs at New Ulm, 
and in Rock and Pipestone counties. 

784. Is from this bluff, and constitutes the most of it. It is a hard, 
red, fine, sub-granitzed quarfczyte, somewhat sprinkled with darker 
specks, that may be chloritic or micaceous, or graphite, and having 

♦Am. Jour. Sci. (3), XI . p. 206. 
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larely a distinct crystalline grain of orthoclase. It is in distinct sedi- 
mentary layers that dip S. at an angle of 20° to 25°. 

785. In irregular patches and areas, on the face of the bare bluJBF, 
rounded oflF by glaciation, may be seen this rock, which is a true igne- 
ous rock, nearly black, fine-grained, a trap-rock, a form of the gabbro 
such as is seen along the Lake Superior shore where the molten ma- 
terial was rapidly cooled in contact with the sedimentaries. This is a 
phase of the igneous rock of the country- This bluff throws light on 
the geology of the southwestern part of the State. If this gabbro be- 
longs to the cupriferous, and these red gneisses also, then may not, not 
only the red quartzytes (Sioux quartzyte of Dr. White, and the 'Bara- 
boo quartzyte of Wisconsin), but also the contiguous red gneisses and 
granites of the Upper Minnesota Valley ? In other words may not the 
red gneisses and granites of the Upper Minnesota Valley be in the ex- 
tension of the great modified cupriferous, where instead of an actual 
molten outflow, or series of outflows, the distiirbing agencies operated 
to produce a widespread and complete metamorphism in the contem- 
porary strata ? Those granites and syenites differ widely from the 
granites of Saganaga — the only ones known to lie below the great 
conglomerate of Ogishke Muncie. Though the rock of this bluff is 
not a pure red quartzyte, in other places this red rock is a pure quartz- 
yte which can hardly be distinguished from the quartzyte of New Ulm. 
At the same time there are portions of the southern red quartzyte that 
are as much granitized as the rock of this bluff- This is particularly 
true of the outcrops at Baraboo, Wis. 

Spotted Rock lake is 520 feet above Saganaga. This lake is so 
named because of the mixture of red and gray rock as described at the 
south end of Wind lake. Here it is all about the shores, the red gradu- 
ally increasing in area, and rising into hills. 

At Little Sagauaga lake were a few green trees of Jack pine (Pinus 
Banksiana) about three or four inches in diameter, but south of that 
lake the country has been twice burnt over, as at Ogishke Muncie*lake, 
so that it is almost bare of vegetation. The first burning destroyed 
the large trees, and the second, in burning the fallen forest, killed the 
new growth, which was then one to two inches in diameter. About 
Little Saganaga this young growth escaped the second fire; but in 
nearly all parts of this traverse the country north from Young Sawbill 
lake affords unrivalled opportunity for unraveling the geology of this 
much -studied but Uttle-known horizon of the earth's crust. 

Leaving Spotted Rock lake the canoe route passes over a long rough 
portage trail, crossing the hill range known as the Mesabi Range, 
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This range seems to be the westward extension of that in which is 
Brul6 Mt., while that *'Mesabi" which passes near Gobbemichigomog 
lake has been distinguished sometimes as the Giant's Range. Saw- 
teeth Range is near the Lake Superior shore. The Mesabi range rises 
where the trail passes it, 676 feet above Lake Saganaga, or 1,592 feet 
above Lake Superior. The dark rock which is mixed with the red 
granite formation continues to the top of the Mesabi, having its usual 
changes of texture, and a few spots of red rock. But before reaching 
the summit the texture becomes what is shown by — 

786 without much variation. This is from near the top of the 
range. This is rather fine, heavy and chrysolitic. After passing 
the summit the formation is occasionally coarser, and even takes the 
characters of No. 773 in small patches and veins. 

787. Its prevailing features on the south slope are shown by this 
number, which is like other samples from the same formation else- 
where, a rather fine chrysolitic gabbro, which continues to South-side 
lake. From the top of the Mesabi range can be seen both the Giants 
range of hills and the Sawteeth mountains. 

South-side lake is a tributary of Temperance river. 

From South-side lake the course pursues a slow-running river to 
Sawbill lake, with ridges of rock No. 787 on either side rising about 
fifty feet, or less, occasionally with a little show of the red rock, but 
generally free from it. From Sawbill lake^the canoe enters a swamp 
through which the same river flows, to a rapids, where, after a short 
portage, a lake is reached in the same stream, the same rock continu- 
ing. This is known as Young. Sawbill lake, and by our aneroid is 
found to be 454 feet above Saganaga lake. At the rapids the same 
rock appears, but about Young Sawbill lake the country is drift-cov- 
ered, and about the S. W. end of this lake the native forest is green, 
having escaped the fires. This, however, does not continue far, for at 
the south side of Rat lake the forest is fire-killed. No rock is seen on 
the portage from Young Sawbill to Rat lake, but where the trail 
leaves Rat lake for Burntwood lake the same rock as the last appears. 

Rat lake is 459 feet above Saganaga, and Burntwood lake is 439* 
These are both tributary to Temperance river. 

On the portage from Rat lake the formation is mixed with the red 
syenite. It shows the characters of the Rice Point gabbro, and irony 
patches like dykes, having much magnetite. 

On the east side of Burntwood lake the same rock can be seen in 
place, but the prevalence of drift and the greater amount of vegeta- 
tion, makes the examination of the geology of the country more difii- 
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cult, and the idea one can obtain is more general than in the country 
north of the Mesabi range. 

The portage to Temperance river passes over a range of low hills 
made up of rock like much of that already mentioned, belonging to 
the same formation, but somewhat darker colored, with magnietite and 
hornblende, approaching dioryte. 

788. Dioryte from the E. side of Burntwood lake, the rock of the 
country. 

789. From the portage trail to Temperance river lake, but rather 
darker than the average — a dioryte with much hornblende and con- 
siderable magnetite. 

Temperance river lake is 417 feet above Lake Saganaga. This lake^ 
which is nothing more than an expansion of the river is terminated hy 
rapids which have a descent of eight feet. On the portage round these 
rapids almost the only rock seen as .boulders are of the red syenite 
series. A lower rapid in Temperance river has a descent of thirty 
feet. Temperance river is rather a succession of lakes, or lake-like ex- 
pansions. The portage round the last rapids crosses red syenite all the 
way, seen occasionally in place. The forest is killed by fire over the 
east half of the portage. At the foot of these rapids is another lake- 
like enlargement of the river, after which the route ascends by port- 
age, a tributary of Temperance river, and reaches a lake in this tribu- 
tary, which is found to be 419 feet above Saganaga lake. This last port- 
age passes at first along the foot of and then ascends and continues on. 
a ridge of morainic drift, consisting so largely of red granite masses 
(from one to six feet) that one could travel the whole three-fourths 
mile without stepping off them. There is also in the mass occasion- 
ally a boulder of dioryte like No. 788 or 789. When burnt the whole 
country appears red, from the prevalence of this red drift. The next- 
portage leads to a lake in Poplar river, and the lake is given an eleva- 
tion over Saganaga lake of 449 feet by connected aneroid readings^ 
Through this portage the red morainic drift continues, and along the 
lake also. Near the lake appears — 

790. in one of the ridges over which the trail passes. It seems to 
make up a large part of the ridge. It is a very fine-grained, gray, 
metamorphic ( ?) rock, or fine basalt. 

Along the west shore of Poplar river lake are two exposures of the 
rock No. 790, and from the fact that in one place a lot of red granite 
is embraced in it, it is judged to be an igneous rock. 

791. From one of these exposures, which is almost exactly the same 
as 790. 



STATE GEOLOGIST. 105 

Although there is abundance of drift along Poplar river, the red 
boulders are almost entirely wanting. 

Square lake is 444 feet above Sagauaga. 

Small lake is 437 feet above Saganaga. 

There is still a considerable sprinkling of red syenite in the drift 
along these lakes. New varieties of rock also appear, such as the trap 
rocks of lake Superior, and amygdaloid. The forest, fire-killed gener- 
ally since leaving Temperance river, is still standing. Camp lake is 
425 feet above Saganaga. 

Smoke lake is 411 feet above Saganaga. 

Sunrise lake is 39^ feet above Saganaga. 

Rice lake is 394 feet above Saganaga. 

Big Lake is 304 feet above Saganaga. 

There are rapids between all these lakes. The long portage from 
Rice lake S. E. is wholly over drift,, no rock in place being visible. 
The same is true of the three portages last before. The country is 
rolling and shows many boulders. The stream leaving Big lake is 
three times the size of that leaving Rice lake. 

Sucker lake is 274 feet above Saganaga. 

Poplar river, where the portage from Sucker lake strikes it, is 16 feet 
above Saganaga. The portage between Big lake and Sucker lake is 
wholly over drift, showing no rock. That also to Poplar river is over 
a smooth surface of drift, vri thout once showing rock in place. After 
a descent by river of about five feet, rapids occur which have a further 
descent of 40 feet, bringing the river here to the level of 29 feet below 
lake Saganaga. After a further descent of three feet by river the last 
portage begins, leading to lake Superior, which is found by the series 
of observations to be 737 feet below Saganaga, or 179 feet less than 
the series of aneroids of 1878, from Grand Portage. 

The Sawteeth Mountains through which the Poplar river passes in 
a narrow deep gorge, rise above the trail which runs near their base 
563 feet, and 1111 feet above lake Superior. 

These mountains seem to be made up, here, of the trap-rock of the 
shore series, but become coarsely crystalline, or porphyritic, gradually, 
toward the top, as shown by samples obtained at different elevations, 
viz: 

792. From the foot of a hill facing north precipitously. N. E. i. 
Sec. 20, T. 60, 3 W. on Poplar river. This is a high, trap hill, like 
others in the vicinity. 

793. From the foot of the last hill (or nearest Lake Superior), west 
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side of Poplar river, 600 feet above the lake, similar to the last. A 
chrysolitic trap. 

794. From the same hill one fourth way up. The same rock, with 
an occasional crystal of twinned feldspar porphyritically displayed. 

795. From the same one half way up. The same rock with coarser 
feldspar crystals. ' 

796 From the top of the hill, 1111 feet above lake Superior. This 
is the same rock, with more abundant coarse feldspar crystals, the 
matrix, which constitutes about one half of the mass, being undis- 
tinguishable from the rocks 793 and 794. 

There may be beds of amygdaloid in this hill, but none were seen. 
On the very top of the hill is red clay drift, and boulders, and the last 
portage trail is over a nice plain of red stony clay, gradually descend- 
ing to Lake Superior — the lower half of it being suitable for farming. 
The actual connection of this hill with the rock of the shore is not 
visible along the trail on account of this drift. The only opportunity 
for tracing it out there would be in the difficult, if not impracticable, 
ascent of the river gorge itself. 

Rocks from various parts of the State. 

797. The trap of Taylors Falls, (V. 820.) 

798. Porphyritic trap, of Taylors Falls. 

The number 797 contains nothing that prevents it being classed as 
an igneous rock, and it may be of the cupriferous, but the latter (798) 
has hornblende and orthoclase, as well as epidote, and has the aspect 
of a metamorphic rock. 

799. Light-colored syenitic granite. Saganaga lake : The first 
island on entering the lake from the east; same as No. 316. 

800. Syenitic granite, from the falls of Gunflint river, at the first 
portage going north from Gunflint lake; the same as No. 315. 

801. Gray,micaceous syenite. From S. E. i. Sec. 17, T. 35^ R. 30, 
about two and one half miles S. E. of St. Cloud, on the east side of the 
Mississippi river. A large,rounded knoll of this syenite was opened in 
1881 by Saulpaugh & Company for use in the piers of the R. R. 
bridge over the Missouri at Bismark. It is a rather coarse rock, con - 
sisting mainly of quartz, orthoclase, hornblende and black mica. The 
orthoclase is only in part flesh colored, the rest is nearly white. This 
knoll covers 25 or 30 acres and rises about 20 feet above the general 
surface, the longest diameter being E. and W. (a little N. of W.) but 
oblong. A dyke four feet wide cuts it N. E. and S. W. consisting of 
heavy trap rock, very Ane grained, viz : 
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802. Trap dyke cutting No. 801 in direction S. W. and N. E. ; 4 
feet wide. This rock, being much jointed, would facilitate the quarry- 
ing of No. 802, had the quarry been started a}ong side of it. 

803. Red quartzose syenite from an old quarry of Breen & Young, 
E. St. Cloud. In general the *'red granite" at E. St. Cloud is but a 
small part of the whole of the rock. 

Between the quarry of Breen & Young and that lately opened by 
Saulpaugh & Co , is a ridge of high land running E. and W. (nearly), 
which seems to consist of drift materials. 

804. Gneiss, from Granite City. (Garrison.) 

805. Light colored syenite, Watab, like No. 801, but rather finer in 
grain. 

806. Light, red syenite, Watab. 

These last two numbers represent the stone going into the piers of 
the Bismark R. R. bridge, quarried here also by Saulpaugh & Com- 
pany. The gray is changed to the red in an interval of about six 
inches. The north portion of the quarry is red, and the rest is gray. 
These two numbers seem to duplicate numbers 801 and 803. This 
range of syenite runs N. and S. at least two miles, and some of the 
knolls rise 10 to 20 feet. East of this quarry are said to be similar 
knolls, some of them rising 25 or 30 feet. (V. No. 835.) 

At Duluth the rock No. 43, which outcrops near the railroad in the 
street in front of the Engine House, where it has been quarried lately 
for use in the basement of the new School-House, and extends N. E. to 
the falls of Kinichigaquag creek, makes an important member of the 
rock series visible on the hill-slope at that point. Much of it is bare* 
north-east of the Engine House, within the limits of the city, show- 
ing, on weathering, a finely and indistinctly porphyritic structure, 
but in the main it is a massively bedded, homogeneous, dark rock, 
with numerous joints, the surface being frequently glaciated. 

807. Passing toward the N. W. from the line of strike of No. 43, 
and thus onto rocks underlying No. 43, at the distance of about one- 
fourth mile, (but also somewhat to the westward) a rough, blotched 
rock is found spreading over a considerable area, running in the same 
general direction as No. 43. This, in general color, is like the last, but 
it is much finer in grain, and owing to its rough and blotched exterior 
under the weather, it must have been a conglomerate at first. Were 
it not for this blotched exterior, which shows a variation in composi- 
tion, it would be placed at first in the general class of fine basalt, or 
diabase — like some of the narrow dykes, or like the rock adjacent to a 
dyke where the heat has baked it and allowed it to cool rapidly, leav- 
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ing it nearly black and very fine-grained. This conglomerate, while 
closely connected with the gabbro range, is unlike anything seen in 
the Cupriferous, and recalls the great conglomerates of Ogishke Muncie 
lake, although no tendency to slatiness can be seen anywhere. It has 
occasional light quartzose nodules, somewhat micaceous, but the most 
of the pebbles are of the color of the rock, except on weathering. In 
other places, by reason of the weathering, and the fires that have pre- 
vailed, a red banding is seen rudely conformable with the supposed 
bedding, which, on being broken reveals a texture and fracture as well 
as color and hardness, of the quartzytes of Pigeon Point. This No. 
(807) illustrates this gray quartzyte, but not the general character of 
the conglomerate. 

808. Underlying this supposed conglomerate is the red syenite, or 
at least a red quartzless rock, (which is sometimes brown rather than 
red) which is associated intimately with the gabbro at Duluth. This 
red rock is to be seen in irregular patches in the gabbro on the hill- 
side; and by carefully following it downward, it is seen to outcrop 
along the bottom of the creek in such proximity to the conglomerate, 
with a dip S. E. as to throw it under the conglomerate, unless there 
be in some way unusual irregularity in the trend and extent of these 
beds. The red rock is visible under the bridge, and above it in the 
creek, on the diagonal road going N. toward the Weller Farm, yti 
within the limits of Duluth. (V. Nos. 42 and 43.) 

By following the strike of the red rock westwardly the foUowing^ 
facts can be ascertained by anyone : 

1. It falls away, except on the higher slopes, or breaks away so as 
to disappear, for the distance of about half a mile, though a lower 
strike appears near Superior street. (No. 42.) 

2. This interval is followed by a rock showing orthoclase in the 
gabbro, as well as quartz, as in the rock at the Depot, (No. 6) ; and in 
the lower slopes N. E. of the the Rice Point quarry, this character is 
abundant. This seems to be explicable on the hypothesis that the 
gabbro flowed over,- fused and mingled intimately with the red rock. 
But it may be of a lower rock horizon, referable to the horizon of the 
diorytes and their associates in the rocks of the northeast angle of the 
State. (V. Nos. 671 and 709.) 

3. This **red rock" which is in much of its area, quartzless, be- 
comes the red syenite that has been described as mingled with the 
gabbro, then showing quartz.* This is probably due to the complete 



♦See Proceedings of the American AiBociation for the Advancement of Science, ISSh Clncinuat 
Meeting. 
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fusion of the original sedimentary beds, allowing the otherwise invisi- 
ble quartz, disseminated cryptomerously, to become aggregated in 
crystalline grains. At points more distant from the gabbro the only 
crystals to be seen consist of orthoclase, or of orthoclase and changed 
hornblende. The number 808 represents the complete crystallization 
of the elements, and is from Newson's old quarry, at Duluth, while 
Nos. 7' and 42 are from the same without the crystallization of the 
quartz. 

Owing to the great general resemblance of the conglomerate (above) 
in its matrix at least, to the rock No. 43, which is seen in front of the 
Engine House at Duluth, and which overlies the conglomerate there is 
reason to suppose that they belong together, and that hence they are 
both or the metamorphic series. If the red rock be of the cupriferous, 
these must be, since the former runs below the latter. The question 
then arises, why is this dark-blue or black, and the red rock red. 
This cannot be due to greater heating and baking, which sometimes 
has been the cause of black rocks, locally, as described on the Lake 
Superior shore, in No. 52, and at other points, since under such cir- 
cumstances the red rock remains red. Hence this seems to be due to 
diflPerence of original constitution, making it resemble the rocks of the 
Animikie Group. 

809. At Boyle's quarry, on the railroad above Fond du Lac, is a 
layer of red shale, lying in the heavy sandrock, which is much like 
the pipestone from Pipestone county. Its greatest thickness is sixteen 
inches, and it extends at least thirty feet, when it disappears under 
the drift clay. 

At the quarry on Mission Creek, a short distance above Fond du 
Lac, in the light-colored parts of the sandrock are streaks and shades of 
red or brown, both in those parts having oblique sedimentation, and 
in those having horizontal. In some cases these dark streaks embrace 
lenticular pieces of shale, in which case the central parts of the pieces 
embraced are red or brown, and the outer crust is green. In some 
pieces the whole is green, or has a very faint central shade of red. On 
the contrary tn the brown parts such red or brown lumps of shale are 
wholly brown, and have no crust of green. This seems to show that 
the original color of the shale lumps was red or brown, and that by 
some chemical reaction those in the lighter beds of the formation have 
become wholly or partly green. Thus, green specks and sometimes 
large green spots, at least green lumps of shale, are disseminated 
through the lighter beds, and red lumps through the dark brown beds. 

810. Coarsely crystalline "feldspar rock" from two and a half or 
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three miles below Beaver Bay, showing coarse lamination, Sind evi- 
dent striation. (V. No. 814.) 

811. **Red granite,*' massive, from the large red granite island 
three or four miles below Beaver Bay which is arched on the lakeward 
side. 

812. The '^palisade rock," two miles west of the Palisades, S. E. i 
Sec. 32, T. 56, 7 W., resembles the gray slaty rock at the mouth of 
Beaver Creek. In some places the Palisade rock here has the appear- 
ance of being crumpled, and also of having been originally in some 
places a conglomerate. Another bluff of light-colored Palisade rock 
occurs about one and one-half miles west of the Great Palisades. The 
trap rock which occupies the coast between here and the Great Pali- 
sades, runs under this Palisade rock toward the west. It shows a 
broken and zigzag line of junction with the palisade rock, parts of 
each penetrating the other, as if each were nearly molten. A little 
further west it also embraces masses (say ten feet) of the palisade 
rock, hardened and blackened by quick cooling, showing its sedimen- 
tary (or other) closely jointed structure in marked contrast with the 
massive or heavily bedded, non-conforming layers of the trap. (V* 
No. 52.) 

The west end of the Palisades rises over the greenish and reddish 
(and then amygdaloidal or red porphyritic) trap, very plainly. 

813. (V. 140) The lowest visible part of the rock at the Great 
Palisades, is confused and crumpled, in the same manner as where this 
rock is in contact with trap a short distance further west, as noted 
above. Yet it is very difficult to see the underlying trap, on account 
of the continuous heavy talus. This number represents the red banded 
felsite from the bottom of the Great Palisades. 

There is apparently a continuous belt of this rock underlying the 
Palisades, outcropping in a narrow belt near the water. It is mingled 
in various ways with a crumpling of banded rock like that of the bulk 
of the Palisades (139), and with crumpled bands of light color, some 
of which stand verticle, or are curved obliquely, some of the latter 
showing a porous or even a spongy condition due to the solution and 
removal of some of the minerals. There is also a hard, dark, brittle, 
fine felsite, though porphyritic like the rest, but occurring in nodules 
and concentrically banded masses which endure more eff'ectually the 
weather. They seem a more hard-heated and burnt condition of the 
Palisade rock. Indeed great confusion exists at the bottom of the 
Palisades, due perhaps to the forcible injection (as laccolites) of igne- 
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oiis rock below, breaking, crumpling, baking, fusing and metamorphos- 
ing rapidly the adjacent beds.* 

814. There is one place two and one half or three miles east of 
Beaver Bay, where the "Feldspar rock" is bedded, and dips easterly, in 
all respects like the usual trap of the shore. It here shows also a con- 
fused mixture with the trap, in which in other places it seems to be 
(and is) embraced as isolated masses, as at Splitrock Point. This 
bedded condition is very evident in coming from the N. E. as the con- 
spicuous surface slopes in that direction. Narrow dykes of fine- 
grained, gray doleryte cut the feldspar rock. One dyke is six inches 
wide, and one is about nine. They are about parallel, 25 feet apart 
and run E. and W. by compass. The feldspar here is very coarsely 
crystalline and is represented by No. 810. The alternate beds consists 
of bands of coarse crystals, succeeded by layers of fine crystals in which 
are also numerous grains of a more rapidly disintegrating mineral 
which by becoming disseminated stains the whole of a green color. 
This disintegrating mineral seems to take the place of the augite seen 
in the gabbro, therefore, the bedding is an alternation of gray, coarse 
feldspar, with green, decaying gabbro. No. 814 represents the felds- 
par stained tvith the green-weatheriug mineral. The bands of color are 
from three to six inches, fading into the uncolored, clear, feldspar, 
above and below. About 20 feet of this bedded feldspar can be seen 
here. (V. 694.) 

815. From the same place as 814, represents the gabbro of more 
massive character with which the feldspar (810 and 814) is confusedly 
mixed, but between which there is not seen here any gradual transi- 
tions. 

From the Palisades, (and Baptism river) to Splitrock, is one great 
igneous bed, which by appearing and disappearing a^ the waterline, 
seems to have been the principal agent in bringing out the geology and 
causing topography. It lies under the rock of the Palisades, and under 
the red islands &c., as at Beaver Bay, and over the feldspar knobs, from 
both of which it has derived fragments. The metamorphosed red 
shales above, making the red series of crystalline and semi-crystalline 
rocks of the shore, were apparently brought into that condition by 
the agency of this igneous rock, but the relation of this igneous rock to 
the "feldspar rock" is not so easily ascertained. . It is certain that the 
gabbro of Rice's Point is only the usual condition of the feldspar rock, 

*The immediate proximity of igiieou« rock, along the const asnally, does not show the most perfectly 
changed and crystalliae condition of the sedimentaries, nor vice verta', bat when large bodies of either 
tre iDvolved the crystals are bef>t formed The immediate contact is a place of crypto-crystalliue rock, 
both rocks tending to suddenly become alike, and generally almost or qni^ black. 
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and hence that the gabbro range of which Rice Point is the western 
termination, lies below manj^ feet of red, metamorphic sedimentary 
beds that apparently belong to the Cupriferous. 

816. (V. 532 and 551.) Pieces of rock like the "Rice Point granite,'' 
embraced with evident feldspar boulders also, in the trap at Beaver 
Bay, sometimes in large blocks. This seems to be the same rock as 
the ''feldspar rock" or a variation from it. Indeed there are here also 
masses of coarsely crystalline, green, trap-rock embraced as isolated 
blocks, in the finer green trap. The gabbro, and the ''feldspar rock'' 
all pre-existed, and bore the same relation to an outflow of later igneous 
rock. This point shows a wonderfully confused and brecciated condi- 
tion prior to the final cementation. 

The red rock appears, at Beaver Bay, as pebbles and boulders in the 
dark trap, and as strings and veins. It is in contact with masses of 
feldspar, crowded between it and trap. The spots and masses of red 
rock are distributed, in some cases with pieces of the feldspar rock, 
throughout the trap, showing the accession of both ingredients when 
the trap was molten, and even contemporaneously. The ''feldspar 
rock'' is derived from previously hardened outflows, and the red rock 
from the sedimentaries at the locus of the outflow. It is true that a 
long interval of time may have elapsed between the former and the 
later outflows; or indeed that the "feldspar rock" is of an entirely 
different formation earlier. Any older formation might furnish loose 
masses to an outflow of trap. 

The interesting facts about Beaver Bay may be summarized thus : 

1st. The feldspar masses are blocks detached from their parent rock. 

2nd. The trap in which they are embraced is in some places much 
affected by the infusion of minerals from the sedimentaries, and then 
shows a reddish color, but it is generally of a greenish or greenish 
black color. 

3rd. Besides this effect on the trap, as seen near the mouth. of the 
creek on the north side, there are included masses of red syenite, and 
of the ashen-brown, or purple, rock seen near the mouth of the creek. 
(Nos. 127 and 528.) 

4th. These red masses are sometimes in contact with and firmly 
cemented as by fusion to the feldspar surfaces, and also show a basal- 
tified jointage. 

5th. The red syenite here can hardly be called syenite in all cases, 
but is instead a nearly black (at least a dark purplish) fine-grained rock 
which in outward characters resembles the Two Harbor rock, but at 
the same time shows translucent, angular grains like the Palisade 
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Tock. This fine-grained condition is seen when it is near the rotting 
green trap. 

6th. The red syenite here was apparently at first a red conglomer- 
ate, showing the irregularities of color, hardness and minerals that 
such a metamorphism produces. 

7th. There is within a few inches a passage from the red crystalline 
characters of the blufif on the south side of the creek to those of the 
above fine-grained black rock, the rock being one continuous mass. 

8th. The red rock is not only a metamorphosed conglomerate, but 
it was brecciated and then mingled with the trap so that angular pieces 
appear in the trap when worn off by glaciation. 

9th. The red rock was fluidized. It runs about in belts and veins, 
not only between the trap and the '^feldspar rock'*, and through the 
trap, but also through the "feldspar rock." 

10th. The feldspar rock here passes into gabbro, or at least into a 
rock like the Rice Point rock, and then it is more generally mixed 
with the red rock. 

11th. On close examination it appears that even as "feldspar rock'* 
it must have been as completely molten as the red rock itself. 

12th. This red rock also appears as the palisade rock, rising in a 
knob near the creek, on the north side, with the lithologic characters 
.and jointage, and translucent grains of that rock. 

13th. Under this knob lies a rotting green trap, visible on the 
jiorth side. A little further east, but within the bay, this green trap, 
although basaltified, is beautifully mottled and striped with the red 
rock. 

Mth. Still further east, on the north shore of the bay, the green 
irap holds both red masses of the sedimentaries and white masses of 
the feldspar rock, the latter being, however, more nearly like the 
Rice Point rock, at least in some large masses — yet much of it is un- 
mixed and clean feldspar. 

'The above observations, carefully made at Beaver Bay, seem to de- 
cide certain points that before were largely hypothetical, or were based 
on generalizations from a grand review of the geology of the ''north 
shore,'* and not on special and minute study of the notes made or of 
the specimens collected. 

CI.) The Great Palisades are of a rock, the equivalent, geologically, 
of the slaty quartzyte (Nos. 127 and 528) at Beaver Bay and below 
that point; and to the red syenite of the islands below Beaver Bay, 
and of the west bluff of Beaver Bay; and to the red (often quartzless) 

8 
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rock associated with the gabbro at Duluth. These beds also consti- 
tute the red bluffs at Tischer's and New London, as well as the red 
rocks at Baptism river, and the eastern palisades. In a number of in- 
stances the bottom of this great red (metamorphosed) shale has been 
found to be a conglomerate. 

(2.) The feldspar masses are of the same rock (geologically) as the 
Rice Point gabbro, and both are the result of copious, and perhaps 
one of the earliest, igneous outflows of the Cupriferous. The more 
copious the igneous outflow, the coarser the resulting crystalization^ 
and the higher the hills formed, as well as the purer the labradorite 
material. The later outflows derived fragments from the * 'clinker 
fields" and from the knobs of feldspar already formed, as they passed 
along; and when these had been covered by later sedimentation such 
sedimentary beds were also involved in the later upheavals and fusions.. 
(V. No. 817.) 

(3.) It seems as if an igneous outflow, — perhaps the great labrado- 
rite — was thrust laterally under the sedimentary beds that went to 
form the palisades, heaving up those beds, and sometimes fusing them,, 
and mingling with them, as seen near New London and at Beaver 
Bay, though no such evidence can be cited to show the laccolite for- 
mation in later strata. (V. No. 521.) 

It must be admitted that it is not at all certain that the labradorite 
outflow was the earliest, so far as the observations go. It is simplr 
the most conspicuous, and seems to lie nearest the Huronian. Besides- 
this it is still a question whether the green basaltic traps, as at the 
east side of Beaver Bay, and as that coming out from under the Great 
Palisades, or the melaphyr-like traps as at Petit and Grand Marais, can 
be shown to pass into the gabbro without the intervention of any 
change but difference of proximity to the center of outflow. It is 
probable that such a gradation can be shown, the rock at Knife River 
Point being an intermediate step, and that at Encampment Island an- 
other. 

To illustrate the steps in the change from the feldspar rock to the 
gabbro, reference may also be made to several large masses lying in 
the water near the red bluff at the west point of Beaver Bay on the 
east side of the bluff. 

817. Hardened shale, from a brecciated, semi-metamorphosed red- 
dish conglomerate at Two Harbor Bay, lying immediately over the 
Two Harbor rock, and immediately under heavy green doleryte con- 
taining masses of feldspar, (V. No. 525.) This shale is charged with 
laumontite. Certain blotches are charged with it, particularly in the 
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form of amygdaloid, the cavities being about one-fourth inch, and 
less, in diameter. The blotches, or spots, make up sometimes the 
most of the rock. They are without any order of arrangement. In- 
tercallated amongst them are laminated patches and seams of red ma- 
terial which is fine-grained, and was probably a shale at first, dis- 
seminated amongst a coarse conglomerate in the same manner as shale 
is often seen disseminated throughout a conglomerate, (as at Manitou 
river); the laminae being parallel with the general dip. Of this con- 
glomerate breccia thirty -five feet are to be seen. 

The bottom of the overlying trap is a perfect pudding-stone of pieces 
of gabbro and feldspar masses. The largest mass of **feldspar rock" 
at the point east of Two Harbor Bay shows a bedded, at least a banded, 
structure running nearly perpendicular from top to bottom, similar to 
that described east of Beaver Bay (No. 814.) It is crossed obliquely 
by an old dyke, which dyke is faulted, about midway of the bluflF, 
about two feet. A small dyke also runs near the water about horizon- 
tal, derived from the trap at the left which, near the water, seems to 
run below the feldspar. This lower part of the trap holds a piece of 
the red syenite, near the water level. 

As to the **Two Harbor rock," its character and origin are still to 
be determined by more minute examination of the samples collected, 
and by further field observations. It has been referred to as a me- 
tamorphic rock, in some of these notes, but it has also very much the 
aspect of a fine-grained, igneous rock. It has the jointage, as well as 
the general homogeneity of trap, and the red bands crossing it, and 
the geodic spots seen on its surface, perhaps, have originated from the 
overlying sedimentary conglomerate. It does not have the appearance 
of being, exactly, the equivalent of the quartzless red rock at Duluth, 
but it must occupy very nearly the same stratigraphic position. 

818. On the east side of Splitrock Point is a grand pudding-stone 
of feldspar, gabbro and dark-trap masses cemented still by a dark trap. 
The most of the so-called feldspar here is really gabbro, very much 
like the Rice Point rock. This number is from such gabbro-like 
pieces. 

East of this point, but within the same bay, are feldspar masses that 
show the green banding or bedding. The bands run nearly perpen- 
dicular. The lighter-colored bands are much more coarsely crystalline 
than the darker, which is also true at the point two and a half or three 
miles east of Beaver Bay, (814.) This is also cut by dykes and gener- 
ally mingled with the matrix of dark trap in great confusion. 

819. From the top of the high hill back of Silver Creek— the high- 
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est hill near the mouth of the creek, yet on the west side, rising 415 
feet above the lake, though at a mile further back it rises perhaps 150 
feet higher. 

At Flood Bay (next east of Burlington Bay) are frequent slabs gf 
laumontitic sedimentary shale strewn on the beach on the east side. 
They are at the same time sandy, of a brick red color, with spots of 
lighter red, and of green, like the Fond du Lac sandstones The 
amygdules consist of calcite and laumontite, but principally the former. 
Some of these slabs have distinct markings of fucoidal stems, some of 
them being large and long. As these slabs are evidently from the for- 
mation that forms the shore line generally, though where they are 
found no rock bluff is exposed, they unmistakably prove the sedimen- 
tary origin of the red laumontitic amygdaloids so common on the north 
shore, in another line of evidence. 

820. Trap rock, at the railroad cut, Taylor's Falls. This is crys- 
talline, tough, greenish with that internal structure that Prof. Pump- 
elly assigns to melaphyr, i. e. there are almost imperceptible forms of 
crystals that permeate the rock, and are so completelj^ filled with the 
other constituents of the rock that they do not appear distinctly till 
the rock is weathered. They are generally about one-third or one- 
fourth inch in diameter, but they do not show any angles, and they do 
not have the color of pyroxene. When they are distinctly brought 
out they are seen as spots, that completely speck the face of the bluff. 
They disintegrate more rapidly than the rest of the rock, sometimes 
assuming a green chloritic character that causes them to make little 
pits as large as a pea all over the surface, due to the more rapid re- 
moval of this green mineral; ami sometimes they become gray gradu- 
ally, giving the appearance of nodules of siderite disseminated through 
the whole. 

821. Shows the green- weathered spots of the rock No. 820. The 
change to the geen mineral takes place at depths of ten to twenty feet 
below the surface, in the railroad cut. 

822. Shows the gray-weathered spots of the rock 820. This takes 
place nearer the natural surface of the ground, and at the surface. 

In No. 820 are seen sometimes small pebble-like lumps of red jasper, 
and larger deposits of chalcedony, the latter sometimes being elongated 
lenticularly, some like gash veins, four or five inches The chalce- 
dony also appears as pebble-like masses and as filling to scattered 
cavities somewhat in the manner of amygdaloid. Coating the joints, 
which are often slickensided, is frequently a green slippery mineral 
like delessite. Sometimes the chalcedony is more pure quartz, and is 
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mingled sparsely with calcite. These characters are those of an igne- 
ous rock, and at the same time this rock diffi^rs quite distinctly from 
the gabbro at Duliith. The jasper and chalcedony recall the dissemin - 
ated red jasper and quartz pebbles of the conglomerate at Ogishke 
Muncie lake 

823. Pebbles from the conglomerate forming the lower part of the 
bluff excavated by the railroad where it crosses the highway south of 
Taylor's Falls. The bluff here is red-spotted and composed of a curious, 
coarse, conglomerate. It is dark-colored generally, looking some like 
the trap formation about Taylor's Falls, but the jointage and the tex- 
ture are different Some of the surfaces are variegated with coatings 
of green, radiated malachite, and some are stained green without show- 
ing evidently the mineral producing the color. Some also are nearly 
black and some jasper-red. It is in some spots coarsely vesicular, or 
like pumice, or like amygdaloid. The amygdules received quartz 
at first, (as shown by the perfect terminations of crystals) and subse- 
quently calcite and chlorite. Some of it is haamatitic, and has a 
streak of red. It was here evidently a shale-conglomerate, but it has 
the appearance of having been heated and hardened, as well as mixed 
perhaps with igneous matter. In some places it is fine and crumbles 
like a dry shale. In some places its conglomeritic composition appears 
on weathering, the little rounded pebbles (of hardened shale, or of fine 
argillaceous quartzyte), rolling out entire. .The pebbles have a great 
resemblance to the rock itself, but there are none of quartz. They 
are somewhat changed by decay. 

824. The upper portion of this bluff consists also of a curious con- 
glomerate, the matrix of which is represented by this number. It is 
a completely crystalline dolomite (apparently, though not yet anal- 
yzed) which effervesces in acid when powdered, and which contains 
fossils of Lingulce &c., and nodules of course calcite crystals. Every 
grain is a perfect crystal; but in the upper part of the bluff this matrix 
becomes free from pebbles, and forms beds of dolomite like that seen 
iu numerous other places along the St. Croix valley. 

825. The great bulk of this upper portion is made up of boulders 
contained in No. 824, of which 825 is a sample. They have been said 
to have come from the **trap" of the region, and perhaps tl^ do, but 
they are not like the rock 820. They are sub-angular ani 8C|newhat 
rotted. They are porphyries, of a green color, (now) or ar^' homoge- 
neous, resembling some of the rock seen in the Huronian. It is in 
these boulders that the green coatings of malachite are seen. 

This conglomerate, which has its lower portions quite different from 
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the upper, can hardly be separated into two by any distinct line of 
superposition. The matrix of the upper portion runs below parts that 
resemble, and indeed are the same as the conglomerate of the lower, 
while some masses above, embraced in this matrix, seem to be like the 
underlying conglomerate, and crumble in the same way. The lower 
characters occupy a thickness, visibly, of six feet, at the highway cross- 
ing, though in ascending the hill toward the north, it probably in- 
creases, while the upper characters have a thickness of probably 75 
feet, rising to the top of the hill further north. Yet this interval is 
not all visible. 

826. At the top of the hill north from the last, in front of Mr. 
Folsom's housre, the rock 820 shows an alternate banding that resem- 
bles stratification, and would ordinarily be taken for that. This is seen 
over the surface of one or two square rods. The rock in general here 
is smoothed off by glaciation, and this character comes out distinctly 
on the planed surface. It is less coarsely pitted by the weathering 
out of the invisible crystals than at the R. R. cut. Indeed the band- 
ing that simulates that of sedimentation, consists in finely pitted belts 
on the surface of the rock alternating with non-pitted bands. The dip, 
if this structure be due to original sedimentation, is W. Jbi. about 45° in 
amount, as evinced by a thin layering that slopes in that direction, and 
which has a tendency to split in beds from one inch to six inches thick 
coincident with this banding. The rock here also contains chalcedony 
nodules and is scatteringly porphyritic, resembling thus the pieces 
found in the upper portion of the conglomerate. No. 825. 

The rock that forms the rapids in St. Croix river, half a mile above 
the town of Taylor's Falls, is essentially the same as that in the R. R. 
cut, but is less coarsely and conspicuously pitted by the weathering 
and decay of the invisible crystals supposed to be pyroxene. It is 
more frequently supplied with quartz, either white or chalcedonic, 
than the other, and is also striped with red granite, or at least with a 
red mineral in blotches and vein-like deposits like flesh-red orthoclase, 
which is also mingled with white quartz. Along the river gorge this 
rock weathers and crumbles globuliferously, much like the trap-rock 
seen on t||^ north shore. It has a course and irregular jointage, and 
sometimes k conchoidal fracture. It is not truly basaltic, even in the 
Dalles,mke the basalt of Grand Marais; yet there are in some places 
frequent perpendicular joints that divide it into columns. These are 
cut nearly horrizontally by other joints. Hence coarse columns result 
from weathering, which are broken horizontally into cuboidal or 
rhomboidal masses. The banding which looks like sedimentation, 
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near Mr. Folsom's, does not appear generally,— indeed is not known to 
occur at any other place. 

827. From the lower portion of the conglomerate, showing the con- 
tained pebbles and the matrix which seems .to be of the nature of 
igneous rock, from the top of the hill east of the R. R. crossing of the 
highway. 

828. Samples of the finer part of this conglomerate where the 
cement is not igneous, from the same place. 

Concerning this conglomerate certain things can be definitely stated, 
viz: 

1. It is extensive, and spreads widely northwestward, even rising to 
the tops of the hills toward the shaft sunk by Mr. Taylor. It appears 
in the street, and in the yard of W. H. Cummings, where it is so firm 
and bold in its outlines, as to appear to be of the real trap formation of 
the region. 

2. It contains waterworn boulders and trap of the region, some of 
ihem being porphyries and some not, thus showing the agency of wa- 
ter in its origin. 

3. The cementing material is, in the main rock, very much like the 
boulders, but finer-grained, and sometimes amygdaloidal, thus indicat- 
ing a possible igneous agency in the origination of thhse parts. 

4. It is coarser in its composition near the trap-rock outcrops than 
at a distance from them ; yet the superposition of the conglomerate on 
the trap cannot actually be seen. 

A short distance above Taylor's Falls, at an old quarry in the bluflF 
of the river, the upper part of the conglomerate is so fine as to make a 
regularly bedded' rock about twelve feet thick, and passes for a sand- 
rock. It here contains Lingulce, (Discina?) and an occasional small 
trilobite. Below it becomes coarser and embraces half-rotted pebbles 
and boulders from the trap. The matrix here also contains grit, some 
of the pebbles also being of quartz. 

On the Wisconsin side the trap is in outcrop in a large ridge about 
four miles below Franconia, along the road to Osceola. At Franconia 
the sandrock runs down to the level of the river; near the bottom it is 
greenish -blue and shaly, and sheds water. This shaly impervious 
stratum extends down the shore below Franconia, and is visible along 
near the water-level on the west side of the river, rising sometimes ten 
feet above it. On Lawrence creek, near the Franconia Mills, is a bluff 
which overhangs, on account of the crumbling out of the loose sand 
below. In the crumbling part are numerous laminations of bluish 
shale which cut the sand into lenticular beds or patches, and the sand 
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itself is cross-bedded. In the crumbling sand are thousands of little 
Lingulce, and Discince, 

829. A mile and a half below Franconia is an isolated bluff, rising^ 
45 feet above the river, composed of the curious conglomerate seen at 
Taylor's Falls. It here presents the same mingling of characters that 
may be referred to igneous and sedimentary origins. The great mass^ 
consists of trap boulders, considerably rotted, some of which are as- 
large as a barrel. In the coarser portions of the conglomerate the 
cementing material is a finer conglomerate of pebbles of the same kind 
of rock, and in other portions it is a fossiliferous ferruginous, gritty or 
magnesian sediment, the fossils of which are the same as those seen in 
the crumbling sand at Franconia, and sometimes apparently an amyg- 
daloid. The change that has taken place in the original structure of 
the conglomerate by partial decay, and perhaps by heat, makes it 
often difficult to distinguish between the pebbles and boulders, and the 
cementing material. The lower portions, if any, are those that seem 
to have been cemented by the action of heat. A specimen was here 
obtained of an amygdaloidal part (of the cement ?) which contained 
fossil shells within less than half an inch of the amygdaloid, both of 
which, were it not for the contradiction involved, would be pronounced 
to belong to the cementing material. 

In conclusion, judging from the facts here recorded, this conglom- 
erate shows evidences of some kind of metamorphic action in its lower 
portions, but the phosphatic shells penetrate far down into it and 
occur even amongst the metamorphic characters. The evidence that 
this conglomerate was formed under water, even its lower portionsr 
consists in the rounded forms of the contained boulders, while the 
aqueous conditions of the upper portions are plainly shown by the 
shells, and by the fact that further up in the formation it graduates to 
a fine conglomerate and to dolomitic sand rock. (Samples 829 repre- 
sent some of the finer portions of the conglomerate.) 

830. At Sioux Falls, Dakota, may be seen a light-colored schist, of 
a talcose character, and pea-green color fading to nearly white, similar 
to that seen at Baraboo in connection with the quartzyte bluff's. It 
here lies in the rock and becomes a white catlimite. Below the pres- 
ent level of the water of the dam, but formerly exposed above the 
water, is a layer. of white, or pinkish-white catlinite, four feet thick^ 
embraced in the rock that produces the falls. 

831. Samples of spotted-red quartzyte, like that at Sault Ste Marie, 
Michigan, and like some parts of the Fond du Lac sandstone, showing 
a probable identity of the geological horizons at those places. It is 
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possible that these light-colored spots are caused by the absorption of 
the iron through chemical change, and that by careful examination 
the cementing material would be found to be feld^pathic. 

The red quartzyte formation at Sioux Falls dips 6 to 8 degrees to the 
south. The beds are purple within, especially the thick ones, but 
toward the outside, and along the joiats, they are changed in color to 
a rose red, or a pinkish red. None of the brick -red, heavily iron- 
stained color can be seen. The change that takes place by weathering 
not only changes the color but also the hardness, so that the rock goes 
into a loose sandrock again and crumbles in the hand. This takes 
place to so large an extent that in suitable places it is gathered and 
used for mortar. There are also some beds that are wholly now, (so 
far as can be seen) in this friable condition. The sand that results is 
a pure selica, nearly white, and translucent, though it is apt to show 
at first a slight pinkish tint rising from the remains of the cement 
among the grains. There is visible here, of the bedding, fifty feet, 
(estimated) and the river goes over the beds from south to north, pro- 
ducing a fine water power. In one place there is a gorge fifteen feet 
high and from seventy -five to eighty feet wide. 

832. Spotted (amygdaloidal ?) samples of the brick-red quartzyte 
from Redstone, near New Ulm. 

833. Red shale, the lowest rock seen in the R. R. cut at Redstone. 
This is four or five feet thick, the upper portions being rather slaty and 
tough- Some of the higher layers are sandy from disintegration as at 
Sioux Falls, and some are hard and quarzitic, and all are of a darker 
red color. Some beds are spotted, perhaps from an incipient amygda- 
loidal structure. Mr. Nicholas Thinnes, who first opened the quarry 
at Redstone in 1857, avers that some of the rock of the formation here 
is "granit," the same as some of that at Little Rock, a fact which, if 
verified, will unite the formation with that, and will show its analogy 
to those tilted red semi-crystalline beds in the northern part of the 
state (V. Nos. 783 to 785.) But this crystalline structure has not been 
seen at Redstone by any member of the geological survey. 

834. Slab of red quartzyte from Sioux Falls, showing the finely 
pitted exterior of the individual sand grains on the removal of the 
white schist, No. 830. 

b35. Gray, coarse-grained granite, in color much like the gabbro at 
Duluth, from the E. St. Cloud quarries. This was formerly used in 
connection with the rocks 803 and the finer grained gray granite like 
that at Sauk Rapids indiscriminately for construction, but owing to 
its large content of quartz, it has been abandoned for those varieties 
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more easily wrought. All these sorts are to be seen in the trimmings 
of the Custom House at St. Paul. But that now generally used is to be 
seen in the trimmings of the New Union Depot, at the same place. 

836. The pink quartzyte known as the '* jasper rock** locally, from 
Sioux Falls, Dakota. This is a pinkish granular quartzyte, but with 
a cement that, on disintegration, allows the rock to become a white 
sand. 
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III. 

THE POTSDAM SANDSTONE. 



It is well known that geologists are not agreed on the question : 
"What is the western representative of the Potsdam sandstone of New 
York State?" The correct determination of this interesting problem 
has an important bearing on the interpretation of the stratigraphy of 
Minnesota geology, inasmuch as all the different horizons involved in 
the investigation are widely represented in the State. Those horizons 
are as follows in descending order : 

1. The light-colored sandstones seen in the Mississippi river bluffs, 
and the bluffs of the St. Croix, from Taylor's Falls to Winona, con- 
taining species of Linguloe and trilobites, generally distinguished by 
this survey as the St. Croix Sandstone, 

2. The red and light-colored horizontal sandstones that bound the 
south shore of Lake Superior throughout most of Wisconsin, and 
much of Michigan, extending from Sault St. Mary to Fond du Lac, 
holding fucoids and Scolithus. 

3 The red sandstones and shales, with the associated conglomerates 
that are involved with the trap-rocks of Lake Superior, furnishing 
metallic copper, lately known as the Keweenian formation. 

At different places Nos. 1 and 2 have been seen unconformably over- 
lying portions of No. 3, and in others No. 3 has been seen passing into 
No. 2, or at least into a sandrock that was taken for No. 2, while No. 
2 itself seems to be the equivalent of beds that in other places repre- 
sent No. 1. 

While it is perhaps impossible at this time to state which of these 
three, or which two of these three, have the greater amount of evi- 
dence in their favor, it will conduce to the progress of the investiga- 
tion to ascertain and collate some of the facts that bear on the geology 
of this disputed terrane, and to review briefly the progress of opinion 
and investigation in the Lake Superior region. In the light of late 
explorations in the West, and of late investigations in the East, per- 
haps it will be possible to reach more nearly a correct conclusion than 
at any other time. In the first place it will be well to summarize the 
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opinions held by different geologists who have expressed any opinions 
respecting the Potsdam sandstone of the West. There was a school of 
geologists between 1840 and 1858 who regarded the Lake Superior 
sandstones as not of the Lower Silurian, and some are found even to 
this day. They were not united among themselves, but were divided 
between Jurasso-Triassic, Devonian, Upper Silurian and Carboniferous. 
After the investiga ions of Dr. D. D. Owen and the report of Foster 
& Whitney, unprejudiced geologists very generally accepted the con- 
clusion that they are of the Lower Silurian, and lately the facts re- 
corded by Dr. C. Rominger seem to place their Lower Silurian age 
beyond doubt. Thus the question is brought within narrower limits 
and the doubt that still exists perta'ns only to their exact horizon in 
the Lower Silurian, or in other words, where in the West the Potsdam 
sandstone is found. It was until lately that the same uncertainty ex- 
isted within the limits of an individual State, respecting the equiva- 
lency of beds in the Carboniferous age as they extended from one side 
to the other,* and. the problem was finally settled by tracing a well- 
known sandrock formation from north to sduth, and bringing all the 
other strata into order above and below it. Perhaps some such pro- 
cess may be applied to this question. 

But before entering upon that a glance may be taken at the various 
opinions that have been held. These opinions may be grouped under 
sixteen heads, but the present state of knowledge compels us to ignore 
many of these opinions, which reduces the groups to be considered to 
ten. The sixteen groups are as follows, with the names of those who 
have advocated them : 

Summary of Opinions. 

1. Those who regard No. 1 as the Potsdam sandstone -Logan, White. 

2. Those who regard No. 2 as the Potsdam sandstone — Logan, Brooks. 

3 Those who regard No. 3 as the Potsdam sandstone— Rogers (W. B.), Dana, 
Winchell (N. H.). 

4. Those who regard all of them as the Potsdam sandstone — Hall, Foster, Whit- 
ney, Winchell (A ), Dana, Kloos, Owen. 

5. Those who regard Nos. 1 and 2 as the Potsdam sandstone — Whittlesey Cham- 
berlin, Irving 

6. Those who r. gard Nos. 2 and 3 as the Potsdam sandstone— Hubbard, Rivot, 
Rogers (W. B.), Whittlesey, Marvine, Rominger, Wadsworth. 

7. Those who regard the Lake Superior sandstones as Calciferous and Potsdam 
—Dana. 

8. Those who regard the sandstones of Lake Superior as Calciferous — Dana. 

9. Those who regard the Lake Superior sandstones as Potsdam, Calciferous and 
Chazy — Logan. 

♦Ohio. 
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10. Those who regard the Lake Superior sandstones as Quebec— Logan, Hunt, 
Pumpelly, Dana, Hall. 

11. Those who regard the Lake Superior sandstones as Jurasso-Triassic — 
Houghton, Ruggles, Jackson, Shepard, Rogers (H. D.), Owen, Marcou, Dana, 
Bell (or Permian). 

12. Those who regard the Lake Superior sandstone as Upper Silurian — Jack- 
son. 

13. Those who regard the J.ake Superior sandstone as Devonian — Locke, Bigs- 
by and Bayfield. 

14. Those who regard the Lake Superior sandstones as Permian MacFarlane. 

15. Those who regard the trap and sandstones of No. 3 as Cambrian — Logan, 
Bigsby (Whittlesey older than No. 1). 

16. Those who regard the trap and sandstones of No. 3 as Huronian — Selwyn. 
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If we discard those whose opinions make the Lake Superior sand- 
stones post-Silurian, and also those who regard them as pre -Silurian, 
of the remaining, by far the greatest weight of authority falls on. 
proposition No. 6, which assigns Nos. 2 and 3 to the Potsdam. 
Proposition No. 4, which assigns them all to the Potsdam, follows 
next in weight of authority. 

In this enquiry it will be necessary in the first place to ascertain ex- 
actly what the Potsdam sandstone is stratigraphically, lithologically 
and palaeontologically. This will involve an enquiry into the nature 
of the formations that lie below and above it in New York and New 
England Secondly, it will be necessary to ascertain what formations 
in the West approach most nearly to an equivalency with the same 
horizons. 

1. What is the Potsdam of New York and New England? As 
to the lithological characters of the Potsdam in New York the followr 
ing is from the annual report of Dr. E. Emmons, Jan. 1838: **This 
rock is a true sandstone, of a red, yellowish -red, gray and grayish- 
white colors. It is made up of grains of sand, and held together with- 
out a cement. Inter-mixed with the siliceous grains are firner par- 
ticles of yellowish feldspar which do not essentially change the char- 
acter of the sandstone, but show the probable source from which the 
materials forming it were originally derived, viz. : some of the varieties 
of granite. Unlike, however, most of the sandstones, it is destitute of 
scales of mica. The coloring matter ol the rock is evidently oxide of 
iron, but unequally diffused through it, giving it intensity or deepness 
of color according to its quantity. In some places it is almost want- 
ing, which makes it, when pulverized, a good material for glass. The 
grains and particles in its composition are generally angular, but where 
it takes the character of a conglomerate, as it does in the inferior 
layers, they are frequently rounded. The thicker strata exhibit an 
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obscurely striped appearance, owing to the prevalence of certain 
colors in the different layers." In his final report on the agriculture 
of New York Mr. Emmons says of this rock : '*This sandstone is more 
uniform in its characters than most of the individual rocks in the 
series. At Potsdam it is yellowish-brown; at Moira and its neighbor- 
hood, and also in Mooers, it is nearly white and sandy; at Chazy it 
is of a deep red at the bottom, and gray towards the top, while at 
Whitehall, Corinth, Hammond and near Glen's Falls it is gray, and 
more or less crystalline. In many places it is a coarse conglomerate, 
as at Mooers in Franklin county, and at DeKalb in St. Lawrence county. 
It is of course a siliceous rock, .yet it does not exclude other substances 
or elements; for, a true sandstone, far from being composed of pure 
siliceous sand, admits into its composition mica and feldspar, oxide of 
iron, and probably even a greater variety of the primitive minerals, as 
hornblende, pyroxene, &c., in a state of fine division.'' 

Mr. Mather, in his final report on the first district, speaks of the 
Potsdam in the following terms: *'The Potsdam sandstone is a hard 
siliceous sandstone, white, red, gray, yellowish, and frequently striped. 
It is well developed at Whitehall." * * * * " Some of the strata of 
this rock are covered with the most beautifully characterized ripple- 
marks, as perfect as if just formed on the sand of a sea beach, while 
the rock is of the most indurated kind of sandstone." * * * * 
** Fucoidal impressions are also seen in some of the strata of this rock. 
****** It is a hard stone to dress, and is one of the most durable 
kinds of rock." * * * * <«in some places, in its lower part in partic- 
ular, it is a metamorphic rock, having more or less the aspect of 
gneiss, except that mica is absent. Half a mile west of Putnam's 
Ferry, where it overlies granitic rocks, it is in an intermediate state, 
having the general aspect of a primary rock, but still shows its 
rounded gravel and sand." Mr. Mather mentions other places where 
it has been changed by metamorphic agency. In the northwest part 
of Clinton county, and in St. Lawrence and Franklin counties the 
lower portion of the Potsdam is a conglomerate, which in some places 
reaches the thickness of 300 feet. 

Where the formation appears in Vermont it runs in mono-clinal, 
long or short, sharp ridges, and is thus spoken of by Dr. Edward 
Hitchcock in the first volume of the final report on the geology of Ver- 
mont, 1861: **Its lithological characters vary very little. In conse. 
quence of a metamorphic action we reckon three varieties : 

1. Pure siliceous sandstone. 

2. Hornblende schist. 
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3. Gneiss. 

**The first of the trio is what is universally known as Potsdam sand- 
stone, a hard, compact, thick-bedded sandstone, and perfectly homo- 
geneous in structure, unless metamorphosed. Its color is generally 
white in the eastern part of North America; it being red upon the 
shores of Lake Superior/' * * * **The second variety cannot be 
distinguished from the hornblende schist which occurs among the azoic 
rocks of Vermont and New York." * * * * "The third variety 
very closely resembles the Laurentian gneiss. It seems to pass into 
it by insensible gradations. All the constituents of this rock are verj- 
small, and occasionally the feldspar or- the mica may be wanting. 
These hornblende schists and gneiss rocks, indicate a change has 
passed over a part of the Potsdam sandstone, analogous to the meta- 
morphism that has so obscured the rocks of eastern Vermont; for such 
rocks as gneiss, &c., are not found, except by the crystallization of the 
constituent minerals after the accumulation of the sediments.** Dr. 
Hitchcock also mentions veins of **granite*' in the Potsdam at West 
Haven, whose feldspar is labradorite. At the time of Dr. Hitchcock's 
report the **red sandrock** of Vermont was not admitted within the 
Potsdam, nor was the **quartz rock** running along the western base 
of the Green mountains, but an earnest discussion was then going on 
between Professors Hall, Dana, Emmons, Marcou, Billings, Logan and 
others, concerning the geological position, and the actuality of any 
such system as had been designated Taconic, claimed by Prof. Em- 
mons to lie directly below the Potsdam : Vide Am. Jour. Sci , 1861, No. 
91; and Can. Nat. and GeoL, 1861, Vol. VI, p. 106. 

2. As to the palaeontology of the New York typical potsdam. Prof. 
Hall reports in the first volume of the palaeontology of New York, 
besides Scolithtis linearis, two spieces of Ling nice, yiz : prima and antiqua. 
To this list have been added since a species of HyoUthes from Keeseville^ 
Am. Jour, Sci., July 1871, p. 32; 1873, p. 211, vol. 5; imperfect speci- 
mens of supposed Pleurotomaria and Conocephalites minutus, from Keese- 
ville. The last may belong to the beds below the Potsdam, as described 
by Brooks, Am. Jour. (3) IV, 22. In the state of Vermont have been 
discovered several species of trilobites, as well as other species of trilo- 
bites and brachiopods at Troy, N. Y., (Am. Jour. Sci., 1873, vol. VI, 
p, 134; vol. XI, 1876, p. 369.) But as their position in the formation 
is still in doubt, while some of them, especially those from Georgia, 
Vt. and Troy, N. Y., have been shown to belong below the Potsdam 
in statigraphical sequence, none of them should be embraced in the 
fauna of the typical Potsdam. At the same time the term Potsdam 
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has been extended loosely over these strata, especially by those who 
are adverse to the Taconic *yroup of Emmons. (Am. Jour. Sci., 1880, 
vol. XIX, p. 152; Ibid, 1880, vol. XIX, p. 153 and p. 225.) 

3. One of the results of the Taconic discussion was the establish- 
ment of the essential correctness of Prof. Emmons* claim, that beneath 
the Potsdam sandstone was still a fossiliferous horizon, which when 
metamorphosed constituted the roofing slates and talcose rocks of 
eastern New York and northern Vermont, though he perhaps extended 
it without warrant over areas where he had not sufficient evidence of 
its actual continuance. This error however, no more invalidated his 
claim to the correct establishment of his system than a similar sup- 
posed error in the extension of the Hudson River rocks where they 
were not proven .to exist in Vermont, Massachusetts and eastern New 
York, destroyed that system. Geol. Wis., 1862, p. 443; Proc. Am. Ass. 
Adv. Sci., 1877, XXVI, p. 259. The palaeontological investigations 
of Mr. Billings, seconded by Mr. Barrande, and of Mr. Ford, have am- 
ply demonstrated that beneath the horizon of the Potsdam sandstone is 
a series of rocks containing a primordial fauna, consisting of argilla- 
ceous slates, black slate, and thin-bedded sandstone with some lime- 
stone. This formation, sometimes known as the Georgia Group, 
is probably the equivalent of the Acadian of Dawson. According to 
Brooks, these strata, as they occur at Keene Station in St. Lawrence 
Co., N. Y., consist of magnesian schists, crystalline limestone and 
sandrock like the Potsdam but containing beds and veins of granite, 
the whole amounting to a mininum thickness of 700 feet, (Am. Jour. 
Sci. (3) IV. 22.) 

4. The fossil species, described bv Mr. Ford from these lower Pots- 
dam, or Taconic rocks near Troy, N. Y., are sixteen, and a portion 
are identical with fossils from the Acadian. On the strength of 
palaeontological diflPerences Mr. Ford states that he considers these 
beds to occupy a lower geological horizon than the typical Potsdam of 
New York, and to be of nearly, if not exactly, the same age as the 
Georgia slates of Vermont, and the limestones on the north shore of 
the straits of Belle Isle. The fauna he regards "wholly distinct 
specifically from that of the upper Potsdam of Wisconsin and the true 
Potsdam of New York," (Compare Am. Jour. Sci., (3) XIX, 152.) After 
Mr. Barrande had indicated the primordial character of the trilobites 
of the Georgia slates, and Messrs. Billings and Logan had accepted 
his suggestion. Prof. Hall also recognized the strength of palaeonto- 
logical authority and admitted that the Potsdam of the New York 
survey was not the true primordial base. This true primordial zone is 

9 
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characterized in America by such trilobites as Paradoxides, Conoceph- 
alus, Arionellus, Conocoryphe^ and Oltnellus. 

5. If we next inquire what formation lies above the New York 
typical Potsdam, we shall find the Calciferous Sandrock described by 
Prof. Emmons as follows : — (Final Rep.) "Considered as a totality this 
is one of the most heterogeneous rocks in the New York system. That 
part which furnished the name is well designated under the descrip^ 
tive term, and is easily recognized.*' This is a gray mass with spark- 
ling grains of lime, but an impure limestone, being mechanically mixed 
with fine grains of sand and slight interlaminations of argillaceous 
matter. Another variety is a fine-grained and blue limestone, and 
another is red ©r chocolate colored, consisting of sandstone slightly 
interlaminated with shale. 

Mr. Mather thus designates this formation : **The rocks are calcareo- 
siliceous, and sometimes one and sometimes the other predominates^ 
and gives character to the rock. The water-lined laminae of deposition 
are very conspicuous in some of the strata of the Calciferous sandstone. 
* * * * There are numerous small patches where these rocks have 
been upheaved and exposed, that are not continuous for any consider- 
able distance * * * *^ having been fractured across and heaved out of 
place along faults transverse to the lines along which the principal 
disturbances have taken place.'' This formation in N. Y. lies under 
the Chazy limes'tone. 

6. The fossils of the Calciferous in New York, as reported by Prof. 
Hall in the first vol. of the palaeontology of New York consist of- the 
following : 

Two species of Palceophychus. 

One species ctf ButhotrephiSy Lingula acuminata, Euomphalus uni- 
angulatus. 

Two spiecies of Maclurea. 

Two species of Ophileta. 

Two species of Turbo. 

Pleurotomaria turgida. 

Two species of Orthoceras, 

To these Mr. Billings has added very many species from the adjoin- 
ing portions of Canada, including gasteropods, brachiopods, and cepha- 
lopods. Of trilobites are fourteen species referred to the Calciferous^ 
viz. : two of Amphion, six of Bathyurus, one of Asaphus, and others of 
Agraulos and Conocoryphe. The rocks of the Quebec group, which are 
placed by Prof. Dana above the Calciferous, seem to embrace both 
stratigraphically and palaeontologically, the whole range of beds from 
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the base of the second fauna to the top of the Chazy; and over two 
hundred and twenty species have been described from this group. But 
their relation to the Potsdam is still a matter of doubt. While strati- 
graphically they are placed above the Potsdam by Billings, Logan, 
Dana and Hall, they still have many of the species that have been 
reported from the western so-called Potsdam, viz. : 

Four species of Leptcena. 

Fourteen species of Orthis. 

Three species of Lingula, 

Two species of Obolella. 

Two species of Strickland ia. 

Two species of Eccidiomphalus, 

Seven species of Pleurotomaria. 

Two species of Murchisotiia. 

Three species of Ophileta. 

Two species of Holopea. 

Seven species of Metoptoma. 

One species each of Helicotoma and Maclurea, 

Seven species of Orthoceras. 

Six species of Cyrtoceras, 

One specie of Nautilus. 

TRILOBITES. 

Three species of Agnostus. 

Two of Arionellus. 

Two of Asaphus. 

Eight of Bathyurus. 

Two of Cheirunis. 

Eight of Dickelocephalus, 

Three of Menocephalus. 

And one each of Amphion, Amphyx, Conocephalites, Holometopus, 
Ilkenus, Xileus, Shumardia and Leperditia. Mr. C. D. Walcott has 
also lately found the following new species in the Calciferous in Sara- 
toga county. New York, viz. : Platyceras minutissimumy Metoptoma 
conuUa/onney Cmocephalites calciferus, Conocephalites Hartiiy Ptychaspia 
speciosus and Bathyurus armatus, of Billings. He remarks that **the 
occurance of a species of the genus Ptychaspis, associated with cono- 
cephalites calciferus and C, Hartii — species related to Conocephalites 
Wisconsensis and C. lowensis of the Potsdam fauna of Iowa and Wis- 
consin — relates the fauna of the Calciferous formation of New York 
with that of the Potsdam sandstone of Iowa and Wisconsin.'* 
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We have now stated the essential features and the stratigraphical 
position of the typical Potsdam sandstone of New York, as given by 
the best authorities, and it will be best to recapitulate briefl}'. 

1. It is a red or gray loose sandstone, often tilted or faulted, also 
metamorphozed, and then having the name of quartzyte. 

2. It contains but very few fossils, three undoubted species being 
the most that can be referred to it, but not distinctly primordial. 

3. It is underlain by a series of black slates and sandstones, with 
some limestones, which have exhibited .in Vermont, at Troy, N. Y., 
and at the Straits of Belle Isle, a decidedly primordial type of life. 

4. It is overlain by a formation which exhibits but few fossils in 
New York, but which in Canada holds a diversified fauna, placed by 
Barrande, Billings and Logan near the bottom of the second fauna, 
containing, among other species, numerous genera of trilobites. 

If in the same manner the formations of the Lower Silurian in the 
west that may possibly be the equivalents of these three of New York, 
be reviewed, some light may be thrown on the question of the paral- 
lelism of the New York Potsdam in its western extension. 

1. The lowest formation known in the northwest, which may be 
parallelized with the foregoing, is that which Sir William Logan de- 
nominated at first the "Lower Volcanic Group,*' and subsequently the 
"Kaministiquia Slates," and which Dr. T. S. Hunt has named the 
"Animikie Group.'* It is the same as that which contains the silver 
mines of the northwest shore of Lake Superior. It is briefly described 
in the Seventh Annual Report of the Minnesota Geological Survey. It 
consists emphatically of slates, but it contains many beds of gray 
quartzyte, and some of dolomite. It passes downward to the Gunflint 
beds of northern Minnesota, and seems to lie unconformably on the 
formation that has been accepted as the Huronian. It is cut by igne- 
ous dykes, and is interbedded with what appears to be a diabase rock. 
No fossils have been found in it. The slatiness of this formation is 
due to the horizontal sedimentary lamination, so far as seen, and not 
to a superinduced cleavage. The extent of this formation northwest 
of Lake Superior is unknown toward the north but it extends east and 
west at least one hundred and twenty -five miles. It is believed to oc- 
cur in Michigan and Wisconsin, since mention has been made in geo- 
logical reports of those States of a **black slate'' in the Potsdam form- 
ation. Proc. Am. Assc. Adv. Sci., IX, 208; the Mineral Regions of 
Minnesota — Whittlesey, 1866, p. 4. Stratigraphically this seems to 
occupy the place of the Taconic rocks at Troy, N. Y., and of the Geor- 
gia Group of Vermont. Lithologically it has a close resemblance, and 
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palaeontologically the evidence of parallelism is simply negative, i. 
e., as no fossils have been found in it, no comparison can be made on 
that basis. 

2. The foregoing formation is overlain by the Cupriferous rocks of 
Lake Superior (No. 3 above), whether conformably or not is not 
known, but so far as the evidence goes it appears in Minnesota to 
graduate into the overlying formation conformably, and unconforma- 
bility is not reported by the Canadian geologists at Thunder Bay. This 
formation is pretty well known, so far as its associated igneous rocks are 
concerned, and the equivalency of its sedimentary portions with the 
Potsdam has been the subject of much discussion. A summary of 
Qpinions has already been presented. It is only necessary here to 
mention its outward characters, and to compare them with the three 
formations of New York, to each of which it h as been referred by dif- 
ferent geologists. 

It is a red formation of shale, sandstcfne and conglomerate, metamor- 
phozed by igneous upheaval and fracture, locally changed to gneiss, 
syenite and hard, red quartzytes, and is interbedded with doleryte and 
mixed with gabbro. In it have been seen only the non -characteristic Fu- 
coicles, but its association with repeated igneous outflow is sufficient 
reason for the non-existence of animal life in the era of its deposition. 
Still if the sandstones of Tequamenon Bay in Michigan be considered 
its equivalent it may be said that two species of Lingula have been 
taken from this formation. Dr. Rominger, however, who has care- 
fully examined the Upper Peninsula of Michigan, unhesitatingly places 
these in conspicuous formation, as he also does the bed of breccia con- 
taining the Dikelocephalus on the Menominee river near Grand Rapids 
— Geol. of Mich., vol, I, Part III, pp. 73 and 80. The beds at Mar- 
quette containing Pleurotomaria are placed by Mr. Billings in the Cal- 
ciferous. 

The lithological characters of this formation, therefore, ally it un- 
mistakably with the typical sandstone ot Potsdam, while stratigraph- 
ically it lies above a similar series of black slates and sandstones as in 
eastern New York and Vermont. If it be borne in mind that the 
typical Potsdam has a very meager fauna, consisting of but three spe- 
cies not characteristic of that horizon, it has a very close resemblance 
in its fauna also; and it is not unreasonable to suppose that when this 
horizon in the northwest has been as minutely examined as the typi- 
cal Potsdam has in New York, an equal number of Lingulae may be 
fouod in it. 

3. It is the overlying formation, however (Nos. 2 and 1), which af- 
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fords the best material for comparison with eastern rock horizons, as 
it is marked by a fauna very diversified and characteristic, and is easily 
traced, by a series of explorations by competent geologists, from the 
Mississippi river to Canada, with no very important interruptions, 
making a very close connection with an allied, if not an identical, 
formation in eastern Canada. Here are placed in one formation the 
foregoing Nos. 2 and 1, not because there is certainly any line of sep- 
aration between Nos. 2 and 3, nor the absence of one between Nos. 2 
and 1, but because on comparing the described characters of 1 and 2, 
they seem to occupy nearly the same geological horizon, and for the 
present purpose can best be considered as one. They consist of light- 
colored siliceous sandstones with some dolomitic layers near the top. 
They are horizontally stratified, and are seen in diiferent places to lie 
unconformably upon the tilted layers and trap rocks belonging to No. 
3 — or the copper-bearing rocks. This is the case at Taylor's Falls, 
Minn., and at Kewenaw Point in Michigan. While it would perhaps 
be an arbitrary line which should set them ofi" as a distinct formation 
from the copper-bearing series, they still need to be distinguished from 
that series on account of great lithological diflFerences and stratigraph- 
ical position, as well as on account of the rich fossil fauna they have 
afforded. The fossils that have been described from the bluffs of the 
Mississippi and St. Croix rivers by Dr. Owen (Geol. Wis, Iowa and 
Minn.) and by Prof. James Hall (16th Regents' Report) are all from 
this formation, and it requires but a glance to see their resemblance 
to that fauna which has been found in Canada and described as in the 
Quebec group. These fossils, as enumerated by Prof. Hall in the 16th 
N. Y. Regents' Report, are as follows : 

Five species of Lingula, 

One species of Lingulepis, 

One species of Discina. 

One species of Obella. 

One species of Orthis. 

One species of Platyceras, 

One species of Etiomphalus. 

One species of Theca. 

One species of Serpulites. 

One species of Sendrograptus 

And of trUobites the following : 

Six species of Dikelocephalus. 

Eighteejft. species of Conocephalifes, 

One species of AvioneUus (?). 
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Three species of Ptychaspis. 
One species of Chariocephalus. 
One species of Illaenurus. 
One species of Triarthrus. 
Three species of Agnostus, 
One species of Aglaspis, 
One species of Pemphigaspis, 
One species of Amphion. 

' With such an array of identical genera, not to say species, it is safe 
to assume identity of geological era for these strata with those con- 
taining such a fauna in Canada — Pal. Fossil, p. 198; Am. Jour. Sci. 
(2,) XXXI, 222. It is to be admitted that these fossils have not yet 
been discovered in the arenaceous strata extending through northern 
Michigan, although the same friable formation, occupying the same 
stratigraphical horizon, extends from Wisconsin to the east end of 
Lake Superior, and has been traced by Prof. Chamberlain and Dr. Ro. 
minger. They are there kept constantly distinct by Dr. Rominger, 
from the underlying red sandstones, which he says af e generally firm, 
and become disturbed by igneous upheavals in their lower portion. 
The sandrock, cut by the canal at Sault St. Marie, he says is the low- 
er red sandrock.* 

To what eastern formation this fossiliferous belt may finally be as- 
signed, whether to the Quebec or to the Potsdam, it certainly shows 
the palaeontology of the Quebec; but at the same time Prof. Hall has 
cautiously assigned it to the Potsdam of New York. He has also as- 
signed the sandstones of No. 3 and No. 2 to the same, and his author- 
ity, therefore, to a great extent, nullifies itself. 

It seems, therefore, that so far as present available information will 
warrant us in coming to a conclusion, we can accept the following as 
probable if not certain : 

1. The Taconic Group was correctly establis by Prof. Emmons, 
though its limits, stratigraphically and geographically, were at first 
wrongly defined by him.t 

2. The Georgia Group of Vermont, and the Animikie Group of 
Thunder Bay, and the Acadian of New Brunswick, are the equivalent 
of the Taconic of Emmons. 

3. The Taconic has the true primordial fauna of Barrande. 



*See Hunt on the identHy of the Calciferous and Western Potsdam, Can. Nat. and Geol. (3) VI, 87; 
Azoic , Rocks of Penn. 1878. Report E., pp. 107 and 108. 

t Compare Dana's investigation of the so-called Hndson River Group, In Mass., Vermont and New 
York. Am. Jonr. Science, various papers in 1872—80. 
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4. The Potsdam, which lies conformably above it in the east, i& 
represented by the rocks of the copper-bearing series in the west. 

5. No fossils, representing the true primordial fauna, have yet been 
discovered in the west, nor have any been found in the western repre- 
sentative of the Potsdam. 

6. The * 'second fauna" of Barrande is found in the Quebec group 
of Canada, and in the St. Croix sandstone of the west, lying in each 
case above the Potsdam sandstone. 



STATE GEOLOGIST. 



137 



IV. 

TYPICAL THIN SECTIONS OF THE ROCKS OF THE CUPRIF- 

EROUS SERIES IN MINNESOTA.* ' 

By N. H. WiNCHELL. 

In northern Minnesota the cupriferous rocks, when cryatalline, con- 
sist of two distinct types. One serie is igneous^ and one is metamor- 
phic. 

The former may be broadly comprehended under the term doleryte, 
as defined by Prof. J. D. Dana. The most frequent representative of 
this group is the rock gabbro, consisting essentially of labradorite, 
augite and titaniferous magnetite. It produces the dark -colored and 
heavy rocks of the shore, is seen as layers alternating with the non- 
crystalline and sub-crystalline layers of the other group, and as massive, 
mountain-like elevations. It is often basaltic. On weathering, it de- 
composes and becomes greenish when near the water, but brownish 
when at higher elevations. It is often amygdaloidal, furnishing vari- 
ous zeolitic and other minerals. It has a very intimate, and yet very 
distinguishable association with the rocks of the other group; but in 
general it is the most conspicuous rock of the cupriferous series, caus- 
ing the most of the salient features of the coast, and the prominent ele- 
vations of northeastern Minnesota. When in contact with the sedi- 
mentary beds, the rocks of the igneous group are but slightly affected 
by the interpenetration of the minerals of the other group. Yet in 
some instances isolated pieces of the sedimentaries have been embraced 
in the igneous rock, and so completelj^ fused with them, that the 
minerals, that otherwise characterize each, are closely mingled over 
small intervals. 

The rocks of the second or metamorphic group, on the other hand, 
are, in nearly all cases, of a reddish color. They show all stages of 
metamorphic change — from red sedimentary shale and sandstone to red 

*From the proceedings of the American Association for the advancement of science, Vol. XXX, Cin- 
cinnati Meeting, Angust, 1881. 



138 TENTH ANNUAL REPORT 

felsite and syenite The minerals that are invariably found in this 
rock, when completely crystalline, are quartz, orthoclase, and horn- 
blende. The beds from which these crystalline red rocks were derived 
are seen interstratified with regularity with the rocks of the other 
group. But when these red rocks are crystalline or subcrystalline, the 
alternation is less evident. The alternation in this changed condition 
is less frequently' seen in horizontal layers, but rather appears in sud- 
den verticle replacement. In some places they appear to have had a 
great thickness, and they constitute, in their changed condition, some 
of the most interesting features in the geology of the north shore. The 
red felsite of the Great Palisades containing crystals of adularia, which 
is underlain^by a very characteristic doleryte of the igneous group, and 
penetrated by numerous dykes from it, can be traced, in varied steps, 
on the one hand to its original condition, a shale of the Potsdam for- 
mation; and in the other direction, through step after step of metamor- 
phic change, to a hard crystalline rock of red color and of a granular 
texture consisting essentially of orthoclase, quartz and hornblende. 
It is not alwaj's possible to observe a continuity of bedding from one 
extreme condition to the other. The .circumstances of upheaval and 
metamorphism have generally been unfavorable for that. Some of the 
links are wanting in nearly every series of observations, but they 
are such as are supplied at other places — such places also failing to 
show other links. It may be supposed that it is necessary to make a 
perfectly connected series of contiguous observations, on a rock, in 
situ, changing from step to step, without interruption of the beds by 
dip or other cause, in order to establish the series; but such is not the 
case. When it once becomes evident that certain mineral associations 
are constant, if a part of these associations are observable, the rest 
may be relied on. When it is understood that there are two great 
sources of crystalline rock, the igneous and the metamorphic, and some 
of their related phenomena are established, such established phenom" 
ena are indices to show the origin of other new phenomena. Such 
new phenomena may again be taken in the same way to point others, 
and these again others. So at last a whole family of phenomena can 
be grouped together, although at no place can a connected series of all 
the phenomena be observed. In that manner, step by step, the lith- 
ology of the crystalline copper-bearing rocks can be reduced to two 
series. When these microscopic phenomena are iu concord with and 
are affirmed by the field geology, as in the case on the north shore of Lake 
Superior, the true solution of some verj' interesting questions is found. 
The rocks of the second series, the result of the crystallization of the 
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Potsdam shales and sandstones, are found to occupy a large area in the 
extreme eastern portion of Minnesota, northeast of Grand Marais, 
while those of the first series seem to prevail*along the shore, and to 
cause mountain ranges at some distance from the lake.* 

The following brief descriptions are intended to give a general idea 
of the two groups. 

(a) bocks of the igneous gboup. 

1. (Survey No. 1.) Qabbro, "Duluth Granite." From Rice's Point, near 
Duluth; the rock of a low mountain range. Contains labradorite and changed 
augite, the latter being iiralitic; also titantiferoug magnetite. 

2. (Sur. No. 49.) Behind the M. E. Church, Duluth. Contains augite, plagio- 
clase, and magnetite, with viridite andferrite. 

3. (Sur. No. 53.) East Duluth. Coarsely crystalline. Contains plagioclase 
augite, magnetite, and delessite, also some chrysolite and biotite. In some places 
this rock also shows orthoclase, making it resemble No. 5 of the Survey numbers. 

4. (Sur. No. 90.) From the E. point of Sucker Bay. Contains plagioclase, 
augite, magnetite, chrysolite. 

5. (Sur. No. 113.) Labradorite rock, from masses included in gabbro at Split- 
rock point. 

6. (Sur. No 116.) From the point half-way between Jrplit-rock point and Two 
Harbor Bay. Shows a basaltic structure. Contains plagioclase, augite, magnetite, 
viridite, opacite, and an occasional grain of biotite. 

7. (Sur. No 123 ) From the bluff east of Castle Danger; a doleryte, containing 
plagioclase, augite, chrysolite, magnetite, and viridite. 

8. (Sur. No. 126. ) This is the rock that furnishes the black sand at Black Beach, 

» 

a few miles W. of Beaver Bay, one-half mile up the creek. It seems to consist of 
plagioclase (labradorite?) hypersthene and magnetite, making the rock hyperyte. 
The metalloidal surfaces of the crystals in this rock resemble those of the rock of 
Encampment Island. 

9. (Sur. No. 128.) Section of a large crystal of labradorite, from masses em- 
braced in gabbro at Beaver Bay. 

10. (Sur. No. 141.) Doleryte: first rock east of the Great Palisades, (lies below 
the Palisades?) Has augite, plagioclase, magnetite, viridite (and biotite?). 

11. (Sur. No. 160 ) The rock that protects Little Marais on the east : plagio- 
lase, augite, magnetite, also hematite and ferrite. 

12. (Sur No. 199.) The rock ol Grand Marais Harbor; plagioclase, pyroxene 
and magnetite; hematite, ferrite, apatite. 

13. (Sur. No. 200.) Cupriferous gabbro; from N. W. quarter Sec. 24, T. 61, R. 
1. W. (up Fall river); plagioclase, augite (diallage?) magnetite, viridite, ferrite. 
There are thin sheets of native copper disseminated through the mass of this rock 

• 

^A series of fifty thin sections witli samples of the rocks from which they were prepared, were ex- 
hibited, and examined at the table by means of polarized light, on a microscope kindly loaned for the 
purpose by Mr. W. H. Bulloch ot Chicago, 111. They were numbered successively from one to fifty, the 
first twehty-one being of the igneous group, and the next twenty-one of the metamorphic. The last 
eight, f^om forty .three to fifty, were selected to show a mingling of the minerals of both groups in 
one rock. The samples of rock were numbered in blue shellac with the field number of the survey. 
The labels attached to the slides name the mrst evident and abundant of the minerals seen in each, as 
they have been identified by the writer. 
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The rock, as a dyke, cuts a rock like that of the Great Palisades — an amorphous, 
red, but slightly porphyritic orthoclastic felsite. 

14. (Bur. No. 221.) From a short distance east of the Brule'' river; plagioclase, 
diallage and magnetite; coarsely crystalline. 

16. (Sur. No. 229.) Doleryte; Red-rock Bay; runs under the E. Palisades. 

16. (8ur. No. 161.) From the hill 520 feet above the lake on N. E. quarter Sec. 
25, T. 64, R. 7 E., represents the rocks of the hills about Grand Portage; a doler- 
yte, consisting largely of diallage, plagioclase and magnetite, with chrysolite and 
a little prehnite. • 

17. (Sur. No. 275.) From the dyke at the brink of Pigeon river falls; augite, 
plagioclase, magnetite and chrysolite? 

18. (Sur. No. 291.) From the extremity of Pigeon point peninsula; like No. 1' 
gabbro; plagioclase; diallage, chrysolite, viridite and magnetite. 

19. (Sur. No. 297.) Gabbrof?) from the English Rapids, on the international 
boundary, near Grand Portage; associated with the Animikie Group; augite, pla- 
gioclase, magnetite. 

20. (Sur. No. 637.) The labradorite rock of Beaver Bay from masses embraced 
in gabbro. 

21. (Sur. No. 664.) Augite, plagioclase, magnetite; from a ridge a little more 
than two miles north of Horse-shoe Bay. 

(b) Rocks of the Metamorphic Oroup. 

22. (Sur. No. 1 B.) Brownish-red, hornblende syenite, associated intimately 
with No. 1. Duluth. Contains orthoclase (changed), quartz, hornblende (often 
changed), magnetite, apatite and ferrite. 

23. (Sur. No. 3.) Brownish or reddish rock. In the Rice Point range of hills; 
suburbs of Duluth; interception of 5th Av. E. and 7th St.; abruptly separated from 
No. 1 A by a compact dyke; consists essentially of orthoclase (which makes it 
sparingly finelv porphyritic), quartz and hornblende. It also has apatite, magne- 
tite and ferrite 

24. (Sur. No. 7.) Brownish-red rock, fine-grained. Between 2nd and 3rd av- 
enues, Duluth, near the lake. Tabular and imperfect crystals of flesh-red feldspar 
(orthoclase), viridite (from hornblende), magnetite, apatite, and a small amount of 
quartz. 

25. (Sur. No. 8 A.) Rock inclusion in Survey No. 8; very fine-grained gray 
rock, showing fine crystals of red feldspar, probably orthoclase, but for the most 
part this is an amorphous , felsitic mass embracing grains of magnetite and viridite, 
with other minerals. 

26. (Sur. No. 8 B.) Porphyry, Duluth. Has orthoclase, chlorite, magnetite and 
other minute gnuns: plainly a rock resulting from the metamorphism of the sedi- 
mentary beds. 

27. (Sur. No. 8.) Sub crystalline, showing much magnetite and quartz; also 
undistinguishab*e grains, some of which are probably viridite, hsematite and pyrite, 
in a felsitic paste. 

28. (Similar to Sur. No. 8 C.) Finely sub-crystalline, nearly destitute of free 
quartz, brownish or reddish. Duluth. 

29. (Sur. No. 17.) Outwardly and microscopically, a thin-bedded red shale or 
sandrook: east of the Brewery creek, Duluth, at the lake shore. In thin section 
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shows a rusty felsitic base with much magnetite or menaccanite, and viridite; the 
whole clouded with amorphous inclusions. 

30. (Sur. No. 33 B ) Metamorphic shale. Duluth, at the lake shore; has a fel- 
sitic (?) ground-mass, showing a porphyritic orthoclase; magnetite, viridite, haem- 
atite, apatite, quartz. 

31. (Sur. No. 67.) Metamorphic shale, London, near Duluth. 

32. (Sur. No. 117.) The reddish vein from Two Harbor rock. Two Harbor Bay. 
Quartz grains and geodic aggregations, in a reddish orthoclase base. 

33. (Sur. No. 124.) Rock of the west bluff, at the entrance to Beaver Bay. 
Quartz grains with impurities, in a reddish, dimmed base that seems to be ortho- 
clastic, magnetite ,« apatite. 

34. (Sur. No. 127.) Hardened gray shale, from near the mouth of Beaver creek. 
Quartz grains can be seen m an amorphous, apparently felsitic base. 

35. (Sur. No. 129.) Similar to 127, but porphyritic with orthoclase and trans- 
lucent grains like adularia; a few rods N. E. of the mouth of Beaver creek. 

36. (Sur. No. 134.) Quartz, orthoclase, magnetite. The quartz makes up 
about one-quarter of the whole, the orthoclase perhaps two- thirds, but the magne- 
tite is only in occasional grains. This is from the third island east of Beaver Bay. 

37. (Sur. No. 136.) Is from opposite the fifth island east of Beaver Bay. 
Wholly crystalline red rock, containing quartz, orthoclase and much of a green 
mineral that is probably changed hornblende. This green mineral is generally 
fibrous, with spreading, fan-shaped radiations, but not always. Sometimes it 
shows simply a green felted polarization, always green at -|-. 

38. (Sur. No. 138.) The rock of the Great Palisades; an orthoclastic felsite, 
porphyritic with adularia, resembling Sur. No. 129. 

39. (Sur. No. 201.) Orthoclastic felsite, with a few distinct crystals of ortho- 
clase and adularia or sanidin. This is the Palisade rock from the Copper mine up 
Fall river. 

40. (Sur. No. 264.) From tj^e same place as Sur. No. 263, east of Wauswaugon- 
ing Bay. Quartzite fragment embraced in gabbro, quartz and hornblende in a 
cement of felsite. 

41. (Sur. No. 265.) From the upper part of Sur. No. 263, where in contact with 
the metamorphic rock. Results from the inclusion of a fragment of the sedimen- 
tary beds in the igneous. Contains quartz, orthoclase and hornblende, with fer- 
rite abd graphite. 

42. (Sur. No. 668.) The "red granite" of the region northeast of Grand Marais. 
Consists of orthoclase, quartz and changed hornblende with magnetite. 

(c) Mixed Igneous and SedimerUary Rocks. 

43. (Sur. No. 1 A.) Gabbro. Duluth. Rice Point range, near a contact with 
No. 1 B. Contains labradorite, uralitic augite, and titaniferous magnetite. Some 
of the augite is changed toward viridite Orthoclase in occasional grains. 

44 and 45. (Sur. No. 5.) At the depot, Duluth; labradorite, augite, quartz, 
magnetite, orthoclase, apatite. The augite is sometimes viriditic and sometimes 
uralitic. 

46. (Sur. No. 6.) Labradorite, augite, magnetite, viridite (perhaps a result of 
change from hornblende) and an occasional grain of quartz. This is a dark-green, 
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heavy, homogeneous rock, coarsely crystalline, near the bay, in front of the Clark 
House, Duluth. The igneous type predominates. 

47. (Sur. No. 46 . ) Rock showing the contact between the igneous and the 
metamorphic groups, from Duluth. One side of the section is red, and contains: 
quartz in perfectly distinct and abundant grains, making up about one-third or 
one -half of the whole; orthoclase, which is next in amount to the quartz, these 
two making up most of the section; apatite in small quantity; magnetite; ferrite 
and hornblende (?), in a few brownish-green or greenish grains which, on rotation 
at +, change from bluish-green to yellowish-green, and back again. 

The other side is darker, and contains: plagioclase, augite grains (altered to 
uralite) disposed among the plagioclase, and in larger grains, sometimes fibrous 
and sometimes broken irregularly; magnetite in much greater amount than in the 
red rock; ferrite in small quantity. 

48. (Sur. No. 263.) Contains the minerals both of the igneous and the sedi- 
mentary beds. From the E. side of Wauswaugoning Bay. Its position and lim- 
ited extent show its accidental occurrence, and merely local importance. The 
igneous minerals are labradorite and magnetite. The sedimentary are quartz, 
orthoclase and hornblende. Apatite spicules penetrate them all. 

49. (Sur. No. 282.) From the porphyritic main axis of the north part of Susie 
Island, near Pigeon Point. Contains plagioclase, orthoclase, hornblende, magne- 
tite, quartz, pyrite. 

60. (Sur. No. 676.) The rock of the top of Brule'' mountain, north of Grand 
Marais. Orthoclase, quartz, hornblende, plagioclase (?) magnetite, viridite, fer- 
rite, chrysolite, apatite. 

OBSERVATIONS. 

The orthoclase of the metamorphic rocks is more readily dissemin- 
ated through the igneous rocks than the triclinic feldspars of the igne- 
ous are through the metamorphic. 

The magnetite of the igneous, as at Mayhew Lake, where it forms 
extensive beds of iron ore, may be derived from the exceedingly fer- 
ruginous sedimentary rocks. Magnetite seems to be always present in 
the crystalline metamorphic, and is probably the result of partial de- 
oxidation from the indigenous hematite that gives them their color. 
Chemical analysis of the red shales would perhaps show the presence 
of titanium with the iron before metamorphism, and would indicate 
the correctness of this hypothesis. Wherever titanic iron is found in 
Minnesota, it is where the two series of rocks are in contact or prox- 
imity, so far as observed. 

A fine shale becoming heated and slowly passing toward fusion will 
first show crystals of the easier fusible minerals, e. e., orthoclase be- 
fore quartz ; and if the change stop there the resulting rock would be 
a non-differentiated (or felsitic) ground mass sprinkled with porphy- 
ritic feldspar crystals, all the siliceous parts being embraced in the 
ground mass. On the other hand, a fused sedimentary rock, passing 
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to solidification, will first show crystals of the least fusible minerals, 
i. e.y quartz before orthoclase, and hence will contain more or less 
perfect crystals of quartz, cutting the sides of the later formed Qrtho- 
clase. Hence the same metamorphic rockfmay show no quartz in one 
stage of metamorphism, but an abundance of free quartz in another. 
If the rock at first held grains of free quartz they would still remain 
in the former case, and would be an evidence of its original sedimen- 
tary source, and in the latter they would of course be subject to re- 
crystallization. 

The term felsite, as used in this paper, is intended to express a non- 
differentiated, somewhat metamorphic rock, derived from shale, with- 
out any reference to the origin of felsite rocks described in other 
places. 
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V. 



THE MUSEUM. 



Report for 1881, and List of Additions. 

During the year, 955 entries have been made in the Museum register. 
TVhile the most of these specimens have been obtained through the 
agency of the survey, as in former years, yet many hg-ve been received 
by exchange and by donations. Exchanges have been made with 
Profs. C. U. Shepherd, Geo. F. Kunz, E. S. Dana, P. H. Mill, Jr., S. 
dalvin and S. G. Williams. The principal donors have been Col. J. 
B. Clough, superintendent of the construction of the Northern Pacific 
Railroad, who has sent the Museum valuable mammalian and arch- 
aeological specimens • from Montana; Mr. W. E. Swan, who has pre- 
served drillings from various deep. wells in the State and presented ' 
them to the Museum; U. D. Watkins, fossils and other specimens 
from Ohio; C. E. Whelpley, preserved drillings from the Minneapolis 
deep well, and Prof. C. W. Hall, various rock specimens from New 
England. Other donors are Regents Sibley, Chute and Gilfillan, W. 
D. Hurlbut, J. M. Sullivan, C. M. Terry, H. A. Strong, R. F. Laythe, 
Prof. J. S. Clark, S. F. Heath, John A. Green, S. Deutsch, D. A. 
Locke, H. S. Peters and Dr. Miller, Asst. Surgeon U. S. A., Little 
Missouri Cantonment. 

The fossils that have been collected from time to time have not 
10 
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been reported until their names were determined, and hence the most 
of them are still unreported. They are simply registered and labeled 
sufficiently to serve for identifying their sources. The crystalline 
rocks embraced in the series described in the survey report have not 
yet been registered in the Museum. They have the survey numbers 
only. Of some of them numerous duplicates have been obtained. 

elephant's teeth from MONTANA. 

Among the donations to the Museum by Col. J. B. Clough is a large 
elephant's tooth which is worthy of special mention. Its companion, 
a small specimen, was presented by Mr. S. Deutsch. The two were 
obtained in the same locality but seem not to have belonged to the 
same individual. Unfortunately the larger specimen has begun to 
disintegrate by crumbling, and it is doubtful whether it can be pre- 
served. 

These teeth were obtained near the Rosebud river in Montana, by 
the parties constructing the Northern Pacific R. R , but their special 
stratigraphical relations to the rocks of the region it has not been pos- 
sible yet to ascertain. It has been stated by Mr. Deutsch simply that 
they were from a deep cut composed of clay and loose rock. The ad- 
hering portions of the matrix consist of a coarse, lime-cemented sand,, 
or conglomerate like some known to exist in the cretaceous and ter^ 
tiary, and the tooth is probably not of post-tertiary age. 

The larger tooth measures 12f inches in length and 6i inches in 
transverse perpendicular section. Across the grinding surface it 
measures a little more than 3^ inches. It has, distinctly preserved, 20 
transverse plates. There is an appearance, on the anterior extremity, 
of a thin, imperfect plate, partly eroded, only a double scale of enamel 
remaining, separated from the body of the tooth by a little cement. 
This plate with its cement does not occupy the full width nor depth of 
the tooth, but was especially pitted to receive the first attrition on the 
tooth and to maintain its form and position, as the tooth advanced. 
The posterior end of the tooth also has the appearance of having con- 
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sisted of one or two more plates originally, but they are now lost by 
the disintegration which. has attacked the whole tooth. Thus the 
plates must have numbered 22 or 23. The plates existing seem to 
have all suffered some grinding attrition, but only the anterior sixteen 
are so worn as to show on the crown the double enamel ridges. The 
posterior ones, which are more and more inclined forward, the farther 
they are removed from the front, are either in the immature stage of 
separate denticles which are not yet united on their summits, or are 
so involved with the cement that they are not yet even worn so as to 
produce the annular ridge of enamel exhibited by those farther ad- 
vanced. The bases of these plates, however, with denticles at their 
summits, are united together into a common complex fold, firmly 
binding the tooth in one mass. This therefore seems to have been 
the sixth or last, molar of a mature elephant, or mammoth, and from 
the lower jaw. 

The smaller tooth has lost by disintegration and fracture appar- 
ently about four of its plates from its posterior extremity. While it 
was found in the same locality it was probably not from the same in- 
dividual. Its crown appears to have been unequally opposed by the 
tooth of the other jaw, for its plates are not worn off so as to show 
continuous transverse ridges of enamel, except on the anterior portion, 
the greater number of plates being simply rounded over, the denticles 
standing above the surface with their natural curved contour, with no 
flattened, grinding sarface. From the fact that the denticles are some- 
what worn they must have served for -mastication. The smooth, flat- 
tened, and oppressed appearance of the anterior extremity indicates 
that the preceding tooth had not yet been shed, but had been thrust 
by mastication constantly against it. Still it was not wholly protected 
by its predecessor, but was exposed on the end, as well as on the grind- 
ing surface to the attrition of mastication, and its most advanced cor- 
ner is worn off obliquely by that means. It had about fourteen plates 
and its length was about ten inches. It was probably the fifth upper 

molar of the extinct mammoth. 
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The region in which the teeth were found is not drift-covered, but 
the soil and surface debris is the result of local disintegration of the 
cretaceous or tertiary beds. It is hence very probable that these teeth 
are true fossils, of an age prior to the glacial epoch. 
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ARCH^OLOGICAL ADDITIONS TO THE MUSEUM IN 188L 

58. Hair of a native of the New Hebrides. Two braids. 

59. Two chalcedony arrow points, from near Young Men's Butte. 
Dakota. Presented by D. P. Jones. 

60. One chalcedony spear point, from near Young Men's Butte. 
Dakota. Presented by D. P. Jones. 

61. Two chert arrow points, from near Young Men's Butte. ' Da- 
kota. Presented by D. P. Jones. 

62. One iron arrow-point, from near Young Men's Butte. Dakota. 
Presented by D. P. Jones. 

63. Small stone hammer, withed. From Michigan. Presented by 
N. H. Winchell. 

64. One Indian stirrup, ornamented with white beads. Presented 
by Col. J. B. Clough. 

65. One stone slab, 18 inches in length, apparently used for rubbing 
and tanning skins. From Dakota. Presented by Col. J. B. Clough. 

66. One hickorj' bow and rawhide case, with rawhide quiver con- 
taining seven arrows, five of them with iron points. From Miles City, 
Montana. Presented by Col. J. B. Clough. 

67. An Indian weapon — a quartz pebble surrounded by a rawhide 
withe which is extended into a handle about three feet long, terminat- 
ing with a loop for the wrist, and stiffened by a flexible stick. From 
Miles City, Montana. Presented by Col. J. B. Clough. 

68. Small, perfect arrow-point of quartzose, oolitic, or concretion- 
ary chert. Found on the University campus by Mr. Fisher, and by 
him presented to the University Museum. 

69. Stone ax, withed, of dark dioryte, found near Albert Lea. Pre- 
sented by Rev. L. J. Hange. 

70. Pangue knife, from the Ogove river, Africa, said to be made of 
"native iron," enclosed in a snake-skin ^eath. Presented by Rev. 
G. C. Campbell. 

71. Loom and three yards of cloth, made from bast fiber, by the 
Ivilli, of the Ogove river, Africa. Presented by Thos. Sinclair, trader 
on the Ogove river, through Rev. G. C. Campbell. 

72. Native dress, worn by the Ivilli, and others up the Ogove river, 
Africa. Presented by Thos. Sinclair, trader, through Rev. 6. C. 

Campbell. 

73. Prehistoric Maize, from the old cemetery near Madisonville, 
Hamilton county, Ohio. Presented by N. H. Winchell. 
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VI. 

GEOLOGICAL NOTES ON MINNESOTA. 

BY MR. J. H. KLOOS. 
[Translated by N. H. Winchell.] 

[NoT£.— These notes were made by Mr. Kloos when eerving as Land Agent of the St. Paul & Pacific 
R. R. and were pnblished in the Zeitachrift d. Deutachen Oeologiachen OeaelUchafU p. 417. They fur- 
nish the basis for the subsequent investigations of Streng and Kloos on the crystalline rocks of Minne- 
sota, and contain original observations on the stratigraphical relations of the formations, which differ 
from those of his predecessors, particularly on the trap and sandstone at Taylor's Falls. They furnish 
an important historical link between the surveys of Owen, Whittlesey and Karnes, and the beginning of 
the present survey.] 

Since the publication of the geological survey carried on under the 
direction of the American geologist, David Dale Owen, little that is 
noteworthy has appeared on the geology of Minnesota. 

Owen with his assistants, Norwood, Shumard, Whittlesey and eight 
others, explored the States of Wisconsin, Iowa and Minnesota from 
1847 to 1850. In his report to the government of the United States he 
gives a careful description of the country in respect to its geography 
and geology, its fauna and flora, as well as its agricultural resources. 
The 638 pages of his heavy quarto volume contain a vast amount of 
valuable and exact observations, especially upon the northern part of 
the district examined, in which even yet exploration is attended usu- 
ally with great difficulties. A fault of the work is its petty simplicity. 
The detailed descriptions of many river-valleys, in respect to topo- 
graphy and climatology, render difficult the attainment of a general 
view of the geology. The description of the crystalline rocks of Min- 
nesota, which in maay respects possess a high importance, is faulty. 
Also the palseontological subjects are not thoroughly treated, and the 
illustrations of new species published by Owen possess little merit.* 

In the year 1866t appeared a little pamphlet on Minnesota by Charles 
Whittlesey, formerly an assistant of Owen. It is confined almost en- 

*Report of a Geological Survey of Wisconsin, Iowa and Minnesota, by authority of Congress, by David 
Bale Owen, Philadelphia, 1862. 

tA report of explorations in the mineral regions of Minnesota during the years of 1849, 1859 and 1864 , 
Cleveland, 18M. 
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tirely to the shores of Lake Superior, and describes the conditions and 
appearance in situ of copper and other metals. 

The examinations by the State Geologist, Henry H. Eames, pertain 
exclusively to those parts of Minnesota in which copper, iron* and 
small quantities of gold are found. In his report for 1866 he confines 
himself to the description of the occurrence of the useful metals and 
their ores.* 

An important paper on the geognosy of southwestern Minnesota was 
published by Prof. James Hall in the year 1866. His design was to 
examine the outcrop of coal on the Cottonwood river, one of the im- 
portant tributaries of the St. Peter, or Minnesota river. Owen with 
his assistants had been only to the mouth of the Cottonwood. Hall 
penetrated as far as the celebrated locality where the Indians obtained 
the "Pipestone'* for their pipes.f He shows that the coal outcropping 
there belongs to a younger formation — viz. : the Cretaceous — and as- 
sumes the former extension of the Cretaceous as well as the older Meso- 
zoic strata, over that part of Minnesota. At the same time he oflfers 
some valuable observations upon the crystalline and metamorphic 
rocks which appear along the Minnesota river above the mouth of the 
Cottonwood.t 

In the following I have sought to gather together in a comprehen- 
sive survey my various notes on different parts of Minnesota; and 
where it has been necessary to a comprehension of the description, and 
I was not able personally to make examinations, I have filled them 
out from earlier observations of others. By means of the map I have 
aimed rather to aid the reader than to present an exhibition of the 
geological conditions. The points of observation are in the river val- 
leys, separated by wide tracts covered by drift, and we are not at this 
time in condition to announce with any certainity the boundaries of 
the formations. I have gathered much material which is designed for 
a more careful investigation at some later time, and if time and op- 
portunity are afforded me I aim to treat the separate subjects more 
thoroughly, which now can only be mentioned briefly. 

The State of Minnesota in the geographical center of the continent 



^Report of the State Geologist, Henry H. Eames, on the metalliferous region bordering on Lake Su- 
perior. St. Paul, 1866. 



fMr. Kloos has fallen into an error in respect to both Owen and Hall. Owen's assistant, Shumard, as. 
cended the Minnesota valley as far as the mouth of the Redwood river, instead of the mouth of the Cot. 
ton wood; while Hall only went as far west as Lake Shetek, instead of to the Pipestone quarry. (N. 
H. W.) 

INotes upon the Geology of some portions of Minnesota, from St. Paul to the western part of the 
State. By James Hall, Trans. A.m. Phil. Soc. vol. XHI, p. 329. 
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of North America, lies between 43^ and 49 degrees of north latitude, 
and between ^9i and 97 degrees of west longitude. This member of 
the American Union is bounded on the south by Iowa, on the east by 
Wisconsin, north by the Winnipeg district of British America, and 
westerly by the territory of Dakota. The area of the state embraces 
84,000 English square miles.* A wide wedge, jutting toward the east, 
extends between Lake Superior and the Rainy lake river which with a 
succession of small fresh-water lakes forms the boundary line along 
British America. Therefore Minnesota has a coast line of 160 miles, 
and a position extremely favorable for trade with the eastern States. 

To the geographer, therefore, Minnesota possesses a great intrest, in- 
asmuch as within its borders are found the spring-sources of the great 
rivers of the American continent. It lies to the north, in the least 
accessible portion of the United States. Upon the accompanying map 
of Minnesota can be seen two small lakes, distant but a few miles from 
each other, known as Itasca and Elbow lakes. In lake Itasca the Miss- 
issippi river has its source, and in Elbow lake the Red river of the 
North. The former flows, as is known, in a southerly direction to the 
Gulf of Mexico; the other turns with a sharp angle toward the north, 
unites in the great lake Winnipeg with the waters of the Saskatche- 
wan coming from the Rock}" Mountains, and empties with them 
through the Nelson river into Hudson's Bay. Lastly, the St. Louis 
and the Rainy lake rivers form the beginning of the extensive fresh- 
water system which comprises the chain of great lakes, and empties its 
waters in the Atlantic through the St. Lawrence, t 

In Minnesota the banks of the Mississippi and its tributaries, to. 
gether with the rocky shores of lake Superior, with its many short 
water courses, and the small lakes in the extreme northern part of the 
state, aflFord the only information concerning the age and composition 
of the earth's crust. As soon as one leaves the river valleys, he finds 
the older formations covered with heavy rolling hills of sand or clay 
without organic remains. These later deposits, which form a covering 
unbroken, except by the river valleys, are a part of the " Drift Forma- 
tion," of North America. Over an extensive part of this territory it 
is spread out over the oldest crystalline rocks and on the sedimentary 
formations, and it extends south to the fortieth degree of north lati- 
tude. Even of the drift, in many parts of the state, can an idea of the 

^Wherever in this work miles are mentioned, tlie EngUsh Statute miles must be understood, of which 
4.61 make a geographic mile. 

^Mr. Kloss here loosely refers to the northern waters of the state. In reality the Rainy Lake river 
does not flow east into lake Superior, but westward into lake Winnipeg. [N. H. W.] 

12 
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composition and nature be ascertained only along the separate water- 
courses, because for days together one can travel without getting sight 
of a rock or of a hill. Either the grassy, boundless, prairies stretch 
out in all directions so that the eye cannot discern any tree or shrub^ 
or vast forests, with successive meadows and lakes, cover the country^ 
In the northern part of the state are many impenetrable cedar swamps, 
and through there it is only possible to pass in winter, when the 
swamps are frozen. 

The* sand and clay deposits of the drift formation are so thick that 
the smaller water-falls, the brooks and the rivers which have little 
descent, afford no additions to the outcropping rock. In southern Min- 
nesota are cuts along the railroads from fifty to a hundred feet deep in 
which the bluffs show nothing but sand, loam and clay, without any 
organic remains. The drift forms sometimes a hilly, heavy deposit or 
extensive terrain, and sometimes a smooth horizontal surtace as leve^ 
as the sea. The depressions and valleys between the hills are generally 
filled with water, and thus are formed a numberless multitude of 
smaller and larger lakes. Their shores generally descend gradually, 
and show in the water-worn masses which gather there, the most varied 
kinds of crystalline rocks and metamorphic schists. Many swampy 
spots, both in the forest and on the prairie, are dried up lakes. By 
further draining these make excellent pasture grounds. The low 
grounds filled with water in the surface of the drift, are the remains 
of a single extensive fresh-water lake. In many places can be seen the 
remains of this old lake deposit. They consist of clay and loam with 
the same fresh-water mussel and snail shells as live at the present time 
in lakes and rivers. The southern shore of this lake lies probably no^ 
far from the Iowa boundary, where the highest ridges of the plateau 
are found. At Rochester and Mankato, points south of the Minnesota 
j.iver, have been found trunks and branches of various kinds of trees, 
especially oak and cedar, in hills consisting of clay, twenty to fifty 
feet under the surface, and nine hundred and forty feet above the ocean 
level. These are all evident proofs that these ridges have once been 
the swampy shores of an ancient fresh-water basin. 

The plains of Minnesota have a hight from 800 to 1,200 feet above 
the sea-level. The hill-ranges which run in various directions and 
form the water divides between the rivers and river-systems, reach in 
some places the hight of 1600 and 1700 feet. These are at the same 
time also the highest land of the country, and actual mountain ranges^ 
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of rock do not exist.* The passage from the low lands to the water 
sheds is for the most part imperceptible, and the undulations of the 
plains, with the exception of the shores of the great rivers, take 
place altogether gradually. The highest water-shed lies in the 
northern part of the state, and separates the waters which flow 
south through the Mississippi valley, from those which have a 
northerly direction toward Hudson's bay. It is composed, through 
its whole extent, of drift; also theother divides, and greater ele- 
vations of the surface, consist of sand, loam and clay, and it is 
ia the lower grounds and river valleys that one must seek for 
the older layers of the earth's crust. The shores of the Missis- 
sippi, with the range of bLiffs lying nearest, consist of rocks 
which belong to the oldest portions of the Silurian formation. They 
are sandstones and dolomitic limestones which correspond to the Pots, 
dam and Calciferous Sandstone, as well as the Trenton period, in the 
state of New York and in Canada. The layers are in all places nearly 
horizontal; but where the river has excavated the sandstone, and un- 
dermined the limestone beds, the latter are thrown down, and in many 
places over large areas, have apparently suflfered an extensive denuda- 
tion. The formations mentioned are in outcrop from the mouth of the 
Wisconsin river to the Falls of St. Anthony, over an extent of 210 
miles. At the Wisconsin river the higher layers of the Silurian dis- 
appear, and there remain only the equivalents of the Potsdam and 
Calciferous sandrock, from there to St. Paul. The beds have at first 
a gentle southerly dip, which they maintain to Mountain Island, in the 
neighborhood of the city of Winona. Here is the highest part of a 
saddle-shaped elevation, and from there the layers have a dip, though 
almost imperceptible, toward the north. The elevation and depression 
in the hight of the separate layers make it possible to establish these 
conditions most clearly, as has been set forth in several profiles by 
Owen in an admirable manner. I had the opportunity to examine 
somewhat carefully the layers in the heighborhood of this saddle. 
The first line of bluffs rises precipitously to the hight of five or six 
hundred feet above the floodplain, and shows the outcroping of beds 
which after considerable interruption have their continuance on the 
opposite shore. The lowest is a sandrock, and over it are beds of dolo- 
mite. The former, which occupies the greater part of the rock-bluff, 
exhibits a different texture in different places. Some beds are coarse- 
grained, and approach a conglomerate, and others are very fine-grained. 
It is in general loose and crumbling with lime-cement. The dolomite, 

^According to pnbluhed etovations, th« hlcht of lake Superior at its low stage is taken at COO feet. 
The latest mea^iireineiits give an average hight of 60& feet) The Water-level varies in different years, 
snd changes even with the seasons. 
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which here may reach a thickness of ninety feet, is of a light color, 
vesicular-crystalline, and resembles the German Zechsfein-doUmvf. It 
incloses many calc-spar and flinty concretions, which often attain a 
considerable size. I could discover no distinct fossils. Onlv in one 
place did I find a fragment of a coiled cephalopod, which must have been 
of considerable size. Afterwards I found the same sandstone on the St. 
Croix river where some of the layers are ver}' rich in bivalves, and I 
shall mention later their occurrence in describing the same rock again 
in the neighborhood of Taylor's Falls. The sandstone Owen has 
named Lower Silurian sandstone of the upper Mississippi^ and the dolo- 
mite he distinguishes as the Lower Magnesian limestone. The former 
answers to the Potsdam Sandstone, and the latter to the Calciferous 
Sandstone, of New York. The characteristic fossils are trilobites, 
which for the most part belong to the genus Dikelocephalus, also Lingn- 
la and Orbicula. In Minnesota it is difficult to find any large frag- 
ments of trilobites in the crumbling sandstone. Relying on observa- 
tions made in Wisconsin, Owen distinguishes in this sandstone six 
trilobite-beds, which are separated from each other by other beds from 
ten to a hundred and fifty feet thick. In the magnesian limestone 
have been found up to this time only inconsiderable, and hardly recog- 
nizable, remains of fossils. They are a small Lingula, casts of the in- 
terior of shells which are related to Euomphalus and Ophilefa, also 
fragments of trilobites like those in the sandstone. The geological 
horizon, therefore, of the lower dolomite must be determined at pres- 
ent from its position between the Potsdam Sandstone and layers of the 
Trenton formation. 

Before reaching the mouth of the St. Croix river above which both 
banks of the Mississippi belong to Minnesota, the lower sandstone dis- 
appears, and the shores, which have a hight of 200 or 300 feet, consis 
entirely of dolomite, which exhibits most remarkable water-worn 
ferms, and presents many changes in its outer contour. The bluffs 
frequently pass back from the water, and the banks become lower. 
At Red rock, six miles below St. Paul, the hills are half a mile back 
from the river, while the shores rise but a few feet above the water 
level, and form a plain which is fertile but exposed to frequent inun- 
dations. Small exposures of the dolomite are still to be seen. The 
bluffs consist almost entirely of the next higher layers, the equivalents 
of the Trenton formation. At St. Paul the same rocks outcrop by the 
river, and form a rugged rock bluff from 90 to 100 feet high. From 
here the Trenton group continues, till, above the falls of St. Anthony, 
all the layers disappear together under a heavy covering of drift. 
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At St. Paul the bluffs have a thickness of 65 feet of sandstone, coy- 
ered by 15 to 25 feet of heavy limestone layers, a repetition, therefore, 
to a certain extent of the bluffs below. Yet the sandstone hardly de- 
serves this name, in that a cementing material is entirely wanting, 
and the rock can be dug into as easily as a sand bank. Indeed it is 
nothing but a vast bed of quartz grains that hardly hang together, in 
some places, of unusual clearness and transparency. For this reason it 
has been recommended by Shumard, one of Owen*s awistants, for the 
manufacture of glass. The shining white walls of this sand rise per- 
pendicularly from the water, and reach at Port Snelling, an old forti- 
fication against the Indians, at the mouth of the St. Peter river, its 
greatest height. From here to St. Anthony the height, as well as the 
thickness, of the sandstone gradually diminishes. I have never yet 
succeeded in finding any fossils in this sand, and Owen regards it as 
entirely destitute of fossil remains. As it every wr. ere appears in close 
connection with the overlying limestone beds, which contain a great 
number of fossils characteristic of the Trenton of New York and the 
Llandeilo Flags of England, it must for that reason be placed with 
them in the same group, and is regarded by American geologists as th^ 
western equivalent of the Chazy limestone. 

It seems at first a remarkable circumstance that so old a sandsto.ie, 
covered by limestone beds, should possess so little firmness, but on ex- 
amining carefully the stratification, a shale bed is discovered between 
the limestone and the sandrock, by which a supply of limy cemf^nt 
must be entirely cut off*. Indeed in the upper part of the sandstone 
are shaly layers, and they attain, under the limestone, a thickness of 
one and a half to two feet. The shale has a dull blue color, efferoesces 
with acids, on being dried^ falls away in long shaly fragments, and is 
converted to a thick paste when exposed to the 'influence of water nad 
air. 

Concerning the stratification of the Trenton, as it is displayed on 
the upper Mississippi^ I shall speak in a later work.* The cities of St. 
Paul, Minneapolis and St. Anthony are built upon the same rock-beds, 
and in St. Paul especially are found numerous outcrops. The lime- 
stones are clayey or dolomitie. The middle portion, which is the 
greatest, furnishes a very good building material, of which the stone 

♦The layers of the Trenton have had formerly a much greater extenf . In 8outhea'»tern Miune^rla 
are many isolated patches of limestone and of the St. Peter saAdstone yet to be brought to light anrl de- 
scribed. The fine sand which has so great an extent in the banks of the St. Peter river is derived H om 
the weathered and scattered debris of sandrock. 
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structures of the cities mentioned are built. The best known fossils 
are: 

Orthis tricenaria. Conrad. 

Orthis testudinaria. Dalm. 

Leptaena sericea. Sow. 

A smooth Pentamerus and a Strophmnena. 

Murchisonia bicincta. 

Bellerophon bilobatus. Sow. 

All characteristic shells of the Trenton, and partly also of the 
Llandeilo Flags of England. 

In the higher layers are added corals and brachiopods as well as a 
trilobite, which are not seen in the lower layers. They are for the 
most part the following : 

Rhynchonella recurvirostra. Hall. 

Rhynchonella increbescens. Hall. 

Petraia corniculum. Hall. 

Stenopora fibrosa, Goldf . 

Calymene senaria. (Blumenbachiu) 

Ptilodictya sp. — 
fossils which altogether have been assigned to the Trenton by Logan 
in Canada. 

Six miles above St: Paul the Minnesota or St. Peter's river empties 
into the Mississippi, having its source in a lake on the boundary line 
of Dakota. In its banks the lower beds of the Silurian again outcrop. 
Still its banks remain much lower than those of the Mississippi, and 
the lower sandstone nowhere reaches a greater thickness than 35 feet 
above the water.* 

Between Minneapolis and St. Anthony, which lie opposite each 
other, the Mississippi forms at the present time a water-fall which, in 
a manner similar to Niagara, only at a greater rate, is kept in constant 
recession. The white sandstone, or rather the sand bank, is exposed 
unceasingly to the influence of the falling water. It is washed out* 
and the overlying limestone beds are broken off in great sheets which 
fall down. This process can be observed everywhere in the neighbor- 
hood of the falls In the midst of the river-channel lie the limestone 
masses scattered here and there in wild confusion; The falls are now 
but twenty feet high, yet must have had formerly, when the water 
plunged from the limestone beds, further down the river, a much 
greater height. Plans have been sought for to keep the falls in the 



*The "Lower Sandstone*' here referred to is tbe Jordan sandstone, and is not the ''Lower Sandstone" 
seen in the MlRsissippi blaffM. [N. H W.] 
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same place by means of dams, canals and locks, since both St. Anthony 
and Minneapolis are manufacturing cities, and the timber from the 
northern part of the State is here sawed in a large number ormills. 

Every little stream that enters the Mississippi over its high bluffs 
exhibits in a small way the same phenomena. Hence arise a number 
of smaller very picturesque water-falls, which are met with in the 
neighborhood of both the cities mentioned, among which Minnehaha 
(Laughing-water) is best known. 

The Trenton limestone is the youngest member of the Silurian for- 
mation that I have as yet been able to find in the banks of the Missis- 
sippi.* In southern Minnesota it seems also that the equivalents of 
the Hudson river and Clinton formations are found. During the writ- 
ing of this sketch T have seen in an American teacher's monthly jour- 
nal a little treatise on the geology of southern Minnesota, in which the 
author mentions in the banks of Root river, a tributary of the Missis- 
sippi, a hundred and forty feet of beds of shale and shaly layers 
orerlying the Trenton limestone, and covered by still other beds of 
sandstone with a thickness of a hundred and fifty feet.t Still I have 
not been able to learn anything in detail concerning these layers; and 
inasmuch as no fossils from these beds were mentioned their age still 
remains questionable, although it is not unlikely that the younger 
members of the Silurian pass from northern Iowa to this side of the 
Minnesota boundary. . I have exhibited the boundaries of the Upper 
Silurian and Devonian in southeastern Minnesota on the accompany- 
ing plate, according to the representation of Mr. Hurlbut. 

Above St. Anthony the older formations are covered by sand and 
drift for a distance of sixty miles, and the banks of the Mississippi 
show no outcrops. A few miles below the city of St. Cloud the area 
of the crystalline rocks begins. The stratigraphical relations of the 
sedimentary formations in respect to these outcrops of granitic rocks 
unfortunately cannot be ascertained. The most southerly point at 
which I found the granitic rock was on the Sauk river, one of the im- 
portant tributaries of the Mississippi river in this region. A\s4} be- 
tween these rivers low outcrops of granite rock suddenly appear in the 
midst of the forest. In the banks of the Mississippi itself no outcrops 
of granite are known so far south. The strike of the crystalline rock 
seems, for that reason, to run in a north northeasterly direction. It 
forms low hills, and flat, or somewhat rounded, knolLs, which rise sod' 



mw HodsoB Kiirer bed* eao be seeo at 9t, Psal. wttb • thickuMt of sboQt 119 teC. [fT. H, W J 
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denly above the swampy plains. The Mississippi continues twenty 
miles in this way — toward the north then it enters on a belt of metam- 
orphic schists of about the same width, of which I only had informa- 
tion of a mica-schist containing a great number of beautiful stauro- 
lite crystals. 

The crystalline rocks of the Upper Mississippi show a great differ 
ence in their structure. They consist, for the most part of hornblende, 
•rthoclase, oligoclase and mica. Quartz, indeed, is generally also pres' 
ent, though often in very small amount. Real granites, disregarding 
several fine granite-porphyries, are apparently rare, as well as real 
syenites. These rocks are in many respects interesting and I am pre- 
paring a more special work on the subject. The syenite-granites, as I 
shall provisionally designate them, show numerous changes from horn' 
blende to mica. Many parts are hornblendic on the borders, and others 
are completely covered over with mica scales. The hornblende is 
greenish-black, lustrous or earthy, the mica dark-brown, and very 
glistening. 

Quarries have lately been opened in different rocks of this range; 
they are to be used as building-stone, which, till now, has been con- 
fined to the bluish dolomitic limestone of St. Paul and St. Anthony. 
At St. Cloud a rock has been opened, which shows uniformly a clear- 
blue color which is derived from the bluish-white, translucent, felds- 
par. The United States Custom House, in St. Paul, is now partly 
built of it, and it has also been used a little in smaller buildings. At 
Sauk Rapids is a similar rock, bearing less quartz and more hornblende ^ 
used in the construction of a dam, and for bridge-piers. Further north 
has been opened for several months a quarry in a very fine decided gran- 
ite. The greatly predominating orthoclase has, in fresh condition, a 
glistening white color. Next to that in amount comes the quartz, in 
grayish grains, and then black mica. This rock is also known as 
** Watab white granite,'* and, as soon as the railroad which now only 
reaches as far as Sauk Rapids, is extended further, will be largely trans 
ported to Chicago and St. Louis for large buildings. 

In the whole Mississipi valley, from New Orleans to St. Cloud, no 
crystalline rocks are found, and it has been necessary to use, unti^ 
now, limestone and sandstone, of rather inferior quality, as material 
for building. The quarrying of these granite rocks on the upper 
Mississippi promises for Minnesota in the future to become an import- 
ant industry. 

In a south south-westerly direction appears a similar region of crys-. 
talline rocks, exposed on the Minnesota river, where Owen observed 
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granite and syenitic rocks over an extent of 45 miles, between the 
Cottonwood and Redwood rivers. The region between these points 
furnishes no outcrops. It consists partly of rolling prairie, and has 
many lakes on the shores of which water-worn drift-boulders are 
heaped up. The drift here is very thick; and as the leveling for the 
building of the Pacific railroad has been carried over it, it is found to 
constitute a high plateau betwten the Sauk and Minnesota rivers. 

While on one side the hight of the first plateau at the Mississippi 
reaches 750 to 800 feet above the sea level, and lake Traverse on the 
Dakota boundary on the other side lies 825 feet above the sea, the line 
of divide through this high plateau, in the strike of the granite range, 
is from 1,100 to 1,250 feet above the sea. * 

According to Whittlesey who has passed repeatedh' over the region, 
there is a connection between the granites of the upper Mississippi 
and those of the Minnesota. He even goes further, and continues the 
range northeastwardly along the watershed north of lake Superior. 
The crystalline rocks observed by hini on the upper course of the Rum 
river, south of Mille Lacs lake, lie in the same prolongation. The 
slight elevation of the ridges and the thickness of the drift, make it, 
nevertheless, as yet impossible to demonstrate the connection. 

Also Norwood, on the map of the geological survey, in the atlas to 
Owen's report, extends the line of the crystalline rocks from the upper 
Mississippi to the Minnesota river. Further, he unites it with the 
area of granite and crystalline schists in the extreme northern part of 
the state, which apparently correspond in age and composition to the 
Lauren tian system of Canada. Prof. Hall says that the rocks in the 
neighborhood of the Redwood river have a gneissic character, and 
belong to the laurentian system. The metamorphosed sandstones and 
quartzyte which outcrop in the region and are extended widely over 
southwestern Minnesota, he places in the Huronian. The relations 
which these systems sustain to each other are at present not yet 
ascertained. 

Yet all the present indications are that a wide zone of Laurentian 
rocks goes diagonally through Minnesota, and is accompanied on both 
sides by Huronian rocks. Until now, the latter were known only to 
the north of lake Superior. Their presence, however, in southern 
Minnesota, Prof. Hall has called attention to, where he has also assign- 
ed the celebrated ** Pipestone Quarry" to the same age. As I shall 
show in the course of this work, the roofing slates on the St. Louis 
river must also be reckoned in the Huronian formation. 

ft 

The interval between the Mississippi and the Red river of the North, 
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amounts to 120 miles. Over this whole extent no outcropping rock 
has been known with certainty. It is nevertheless probable that the 
regular succession of Silurian rocks which are displayed on the east of 
the granites and crystalline schists, returns again on the west. Be- 
sides, Owen mentions a spot on the Red river in the neighborhood of 
the present town of Breckenridge where the Lower Silurian limestone 
is exposed.* As far as my knowledge goes, this is at the present t.me 
the only spot on the Red river, this side the international boundary, 
where an outcropping rock has been observed. Waterwom pieces of 
Silurian limestone are, however, of very frequent occurrence in the 
drift of the Red river valley. Whittlesey mentions Potsdam Sandstone 
at the falls of Pokegama on the Mississippi in north latitude 47° 15', 
northwest of the Laurentian belt. This observation had, indeed, also 
been made by Owen, and this seems to be the reason why Norwood ex- 
tends the oldest members of the Sjilurian on his chart to this place* 

A very interesting portion of Minnesota to the geologist, is the east- 
ern; viz. : the shores of lake Si\perior and the bluffs of the St. Louis 
and St. Croix rivers. The St. Croix valley which forms the boundary 
line of Wisconsin, lies, for the most part, in the lowest beds of the 
Silurian. The principal fossils of the Potsdam Sandstone, and of the 
lower dolomite are found in this valley. The greatest thickness 
of this sandstone above the water reaches 170 feet; also the dolomite 
here reaches the thickness of 100 feet. The beds are apparently hori- 
zontal, but in general they have a gentle dip toward the south.^ Forty- 
five miles above its mouth the river is contracted, and suddenly its 
banks take on a different character. In place of the regular contour 
lines of the sandstone, are rough jagged rocks vfhich outcrop close by 
the water. Here one stands on the rocks of the celebrated and pictur- 
esque " Dalles '* or Felsenhallen of the St. Croix. The rock has been 
named by American geologists "porphyritic trap," and it resembles 
the Norwegian porphyry, which can be seen at Bogstadt on the west 
side of the Christiana Fiord. Several beds of this rock are cut through 
by the river, and alternate in the banks with the layers of the Pots- 
dam Sandstone. As yet, I have had the opportunity only to examine 
this interesting rock over a small area in the neighborhood of the town 
of Taylor's Falls, near the falls of the St. Croix. Here it is exhibited 
as a beautiful, quartzless porphyry, or porphyryte, and constitutes the 
shores of the river and the hill-ranges. 

I reached the river from the west side. After I had traveled for 
hours from St. Paul over the beautiful prairie, suddenly the deep and 

*No ORe elM has ever seen this outcrop of iimeetone.— [N. H. W.] 
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iridely cut valley presented itself right before me. It was a surpris" 
ing sight. With the greatest regularity of hight, lay several terraces 
above each other, and with the same bight they were visible also along 
the opposite bluffs on the Wisconsin side. Taylor's Falls is built on 
the first terrace, at the foot of which the water boils over the rock 
crags with the noise of thunder. Right opposite lie the falling ruins 
of a town in Wisconsin named St. Croix Falls, which owes its hasty 
bloom and its short, ephemeral existence to the speculation of several 
enterprising Yankees. Taylor's Falls is what is called in the west, a 
lumbering -town, that is, a place where the lumbermen of the St. Croix 
buy provisions, and from which, every winter, the men depart for the 
pineries. The high hills which enclose the place consist of porphyry. 
Further down the river appears the Potsdam sandstone. 

The river here does not cut through a single ridge of the crystalline 
rock, but several diagonal ridges of an area of porphyry. The rock 
has a pretty uniform character throughout its whole extent. The 
ground-mass is crypto-crystalline and has a dark-green color. Under 
the loop can be seen a dark, non-translucent mineral, which in many 
places is formed in fibrous particles [stangligen partien], and a trans- 
lucent mineral having the color of olivine. The feldspar crystals, 
which vary from dark-brown to black, give the rock a characteristic 
spotted appearance. The feldspar shows very evident striation and 
twinning, and seems to be the same as that in the brown porphyry of 
lake Superior. I have found iron-pyrites only as an accessory portion. 
In several places the rock holds amygdules, the only material of which 
seems to be white translucent quartz. 

The relation of the porphyry to the sandstone beds is interesting. 
Owen assumes that the latter have been broken through and cut by 
the trap, although, thereby neither their texture nor their horizontal 
position have been changed. I cannot confirm that view, but believe 
the relations of these rocks at Taylor's Falls must require that the 
porphyry is older than the sedimentary beds.* 

Indeed, the layers of the sandstone, wholly undisturbed, as can be 
seen on both shores, demonstrate that. Furthermore, I observed on 
the right bank of the river, the rock-profile, seen in Fig. 1. 

The sandstone beds here lie horizontal over the porphyry, and con- 
tinue in this manner over an extended area. They contain a number 
of fossils which are very beautifully preserved, and prove, even as 
much as the texture of the sandrock, the insignificant influence of any 
later outbreak of plutonic rock. A better proof of the greater age of 

*Mr K1098 Is supported in this hj Mr. Sweet, of the geological snnrey of Wisconsin. [N. H. W.] 
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the porphyry was afforded me by a conglomerate which consists of 
nothing but large water worn masses of the porphyry, the position of 



Fig. 1. 
IWlTiB linili. bh. Porpliyry. 

which is between tlie porphyry and the sandstone. This singular rocli^ 
which I saw only in one spot, but in a considerable thickness, descends 
from the porphyry down to the neighborhood of the sandstone. The 
water-worn masses, which occasionally reach a considerable size, lie 
immediately in contact with each other, and have but a slight cement- 
ing material between them. Stiil the rock is very hard, and plainly 
bedded. The rounded masses and the cementing material consist alto- 
gether of more or less decomposed porphyry. Unfortunately the spot 
where the conglomerate lies under the sandstone, is covered with vege- 
tation. (See Fig. 2.)* 

The character of the different beds which compose the sandstone at 
Taylor's Falls changes greatly in short intervals. The layers on the 
Minnesota side form a more continuous, projecting terrace than on the 
Wisconsin side, where, between the porpliyry ranges, are several shal- 
low or flat troughs. Going along the shore, I passed over several small 
hills, outrunners of the main hill range which forms a belt parallel 
with the river. Between these small hills lie the layers of sandstone, 
which descend on both sides level to the middle of the trough. If one 
ascends the maisi hill-range, nothing can be seen of the sandstone. 
How far the porphyry extends on each side from the river is unknown. 
In Minnesota, it disappears soon under the drift. 

■Wbllllewy meiiliDni esveml spals Ln Ibe neighborhood of Luke Superior whrn ihe tsdi oT the PDt<- 
diia ntidalone Jie upon Ihe p rphyi; . both ou the toathern shnre, hi Keweiiaw Point, In Wlfcon^n. 
»nd iilong the northern tua-l. But yel Ihare onn be iio liouhl IhsC there La a porphyry and molaphyr 
Oi the age ot the Pots<lHni rnnd'tone Ibe layers of which It broke throDrh kucI aptorned. It eeemH 
Ihit th» outflow of thl« qnnrtzlem porph/ry tieg.in In HEironlm lime, undcontinued through the Drsl 
part or the SiturlHD.' The Inclnalon of the sandstone within the porphyry, mentioned by Owen. 1 bate 
not been able to And at Tiiylor'a Psile. thoagh I have mHde dllUgenl aearcb. 
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a a Sandstone; h b Conglomerate; 
c Porphyly. ' 



In one of these troughs the rock consists 
of thin layers of dolomitic marl. It has a 
clear-gray color, a smooth, conchoidal frac- 
ture like limestone, and crumbles in the air, 
and at the same time it assumes a dazzling 
white color At the first glance one is apt 
to take it for a limestone; yet as it does not 
ejffervesce at all with acids, it must be prin- 
cipally dolomitic. Further up the river lie 
dark, iron -stained, firm crystalline layers of 
a sandy limestone; also the same in thin 
layers. At the same level on the Minnesota 
side is a clayey sandstone which does not 
eff'ervesce with acids. It varies from fine 
to coarse grained. The latter prevails in 
the lower portion of the confused mass, and 
forms a high bank which rests immediately 
on the porphyry. 

All these rocks carry the known species 
of Livgula, Those with the narrow ex- 
tended beak (L. avtiqua), and those which 
are shorter and wider {L. prised) are very 
abundant, and completely fill some of the 
layers. Specimens of the former frequently 
reach five-eighths inch in length. Besides 
Lingiila there are also species of Orhicula 
and Obolus, and trilobite shields as large as 
peas (Conocephalites minutus?). The shells 
seem to be distributed in certain belts in 
the layers; especially is this the case in the 
coarse, conglomeritic sandstone.* 

The varied composition of the beds in 
their general relations is remarkable. It is 
true a simple layering one over the other can 
be seen; on the other hand they all seem to 

*The large wedcre-shaped Lingula Owen has described as a 
new species, naming it Z. pinnse/ormis^, on account of ita re. 
aemblanee to a pinna. Nevertheless his illustration or it can- 
not be distinguished from L. antiqua, and in his description he 
does not bring forward the difference between it and the older 
species. Another peculiar species which Owen cites from the 
Taylor's Palls beds is the Orhicula prima^ a very well defined 
shell, but which still may be identical with opecies of Orbic' 
ula described before from other places. I have no opportunity 
here to investigate the specific differences, and I shall return to 
it again later. 
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occupy the same level; both sandstone and dolomitic shale outcrop 
opposite each other in the banks of the river at the same hight, and 
they vary but little from the horizontal. 

In order to obtain an examination of the relations of the 
sedimentary beds to the porphyry and melaphyr-like rocks of the 
north shore of Lake Superior, I made a trip the past fall to the west 
end of that lake. The railroad which connects St. Paul with this 
great American lake was completed the first of August of the former 
year. An iron track of 155 miles now connects the end of navigation 
from the Atlantic Ocean with the head of navigation of the Missis- 
sippi. Till within a short time it was very difficult to travel from 
there to the head of Lake Superior — now one rides there in a few 
hours. The commencement of the autumn storms made it impossible 
to carry out my plan, and I was compelled to confine my observations 
to the St. Louis river and the immediate neighborhood of the railroad. 

Except a few cuts in the Trenton limestone in the suburbs of Si, 
Paul, the tract of country crossed by the Lake Superior road affords 
no outcrops of rock till one reaches the valley of the St. Louis river. 
A vast forest, for the greater part consisting of pine, covers over the 
whole region. The land is generally flat and swampy. The railroad 
surveys have established the highest point at 567 feet above Lake Su- 
perior, or 1,167 feet above the ocean. This point is 120 miles from St. 
Paul and 35 miles from the lake. On all sides the plateau is flat, de- 
scending gently in both directions. 

The flrst outcropping rock appears in low ridges in the midst of a 
cedar swamp near the St. Louis river, and at this place occurs the first 
opportunity since leaving the Mississippi, to behold the bedded rocks. * 
From here to the lake there is much rock, which offers an extended 
and^ little explored field for geological studies. During my short visit 
I could only make obeervations at a few points. The region is for the 
most part difficult to travel over. Extensive forests and swamps con- 
ceal the rock from view. There are no roads — even between the dif- 
ferent stations and new places on the railroad it is necessary to travel 
on the railroad itself. When the rivers and streams are no longer 
passable for canoes, it is necessary to scramble from rock to rock in 
order to be able to look at the neighboring country. A slippery red 
clay forms the surface covering, wherever the black soil is torn up. 
Wherever the trees have been cut and the brush burnt, wherever roads 
have begun to be laid out, it is entirely impossible to travel after the 

*The bedded rocks, however, also appear In outcrop at White Bear Lake, at Hinckley and ut Moose 
'"^ [N. H. W.} 
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occurrence of a few showers of rain. The whole region bears, more 
than any other in Minnesota, the stamp of wildness and priraitiveness^ 
It has been asked, what can be made of it. It will require immense 
resources and great labor to make it habitable and productive. 

The St. Louis river comes from the north, from a region of granite 
gneiss and mica schist about Vermilion lake, and turns, just before its 
waters reach Lake Superior, with a sharp angle to the east. Here the 
railroad company has constructed a high bridge over the river, and a 
new town is established which has been named Thompson, from one 
of the oflScers of the company. The water has broken through the 
steepey tilted beds, and here forms a long succession of falls and rapids, 
which in a few miles produce a descent of 370 feet, and are known as 
the Rapids of the St. Louis Elver. The valley is narrow and shut in 
by high picturesque cliffs. A dark fir-tree forest covers the hills about 
—indeed no region of America has reminded me so forcibly of the val- 
leys of the Hartz mountains, and especially of the Bode and a part of 
the Okerthales. 

The rocks also are similar to th^^ rocks of the Hartz. The various 
strata consist alternately of dark-blue crystalline layers, frequently in 
the form of roofing slates, and a light firm sandrock or quartzyte 
which looks like many German gray wacke sandstones. * 

There has been formed a company for the manufacture of the roof- 
ing slates. Two quarries have been opened which promise good re- 
sults. The slate is carried to St. Paul by the railroad; and this may 
become in the future a profitable industry. Norwood also mentions 
other slates on the St. Louis which are of a talcose and chloritic na- 
ture. Since they are found further up the river, they are in age 
earlier than the roofing slates. He has also noted a steep dip in the 
layers in opposite directions, which he ascribed to the injection of 
igneous rocks. But these he did not find. I also found n(5 crystalline 
rocks, and T am not of the opinion that at the falls of the St. Louis 
river any local cause appears that produced the disturbance of the lay- 
ers. So far as known to me the bedded rocks of northern Minnesota 
which are older than the Silurian, have been upheaved in the same 
manner. The beds are broken in a jagged form, and stand out boldly 
in little rock-islands in the very channel of the river, by which the 
quartzyte and slaty layers are always easy to distinguish, because the 
former constitute the elevated parts and the latter the troughs of the 
outcropping layers, as they are eroded and excavated by the water. 
No fossils have yet been found in these beds. The inclusions consist 

*Thii qnartzjte teems to have been taken for greenstone both by Norwood and Eames. 
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of little sulphur nodules. The principal quartzyte beds are penetrated 
by veins which are composed of quartz and calc-spar. Lines of feld- 
spar are also of frequent occurrence in the slates. 

Probably this whole formation belongs to the Huronian system 
which on Lake Huron and in the upper Peninsula of Michigan, ap- 
pears between the Laurentian system and the lower Silurian. The 
position here exactly corresponds to that horizon. Credner in his work* 
on the pre-Silurian formations of the Upper Peninsula of Michigan, re- 
gards as a member of the Huronian a series of clay -slates and quartz- 
yte beds of which the description applies equally well to these rocks. 
Chloritic slates constitute there as here a portion of the formation. 
The Potsdam Sandstone lies upon the outcropping beds in Michigan in 
the same manner as it can be seen to do on these beds further down 
the river at Fond du Lac. I have not examined this point myself, but 
quote Norwood's report, as to the facts, as follows : "Not far from 
the village of Fond du Lac the clay slates and chloritic slates are lost 
under the conglomerates and red sandstones of Lake Superior, the 
lower part of the Potsdam system. The latter lie upon the outcrop- 
ping edges of the slates, with an inclination of six or seven degrees, 
but dip in the same direction." The place where the two systems lie 
unconformable to each other does not exceed three miles from the rail- 
road bridge at Thompson, according to the statements of Norwood. 
From the position of the clay slates, one can infer the presence of the 
iron -bearing beds which in Michigan characterize the lower part of 
the Huronian. Perhaps these are the iron beds at Vermilion lake, in 
the neighborhood of which the metamorphic layers of the Laurentian 
begin. 

Only at one place is the red sandstone to be seen near the railroad 
in the neighborhood of Lake Superior. This can not be far from the 
spot where this rock, in connection with the coarse conglomerate, lies 
unconformably upon the Huronian. The beds here lie nearly horizon- 
tal, with a slight inclination toward the south. The upper cuts of the 
railroad are in red clay before mentioned which, with varying beds of 
shale, sand and gravel, covers the older formations north and south 
from the great lake. It embraces a great extent of territory, reaches 
the height of 600 or 700 feet above the water level, and fills the valleys 
intervening between the ridges of the clay slates and quartzytes. 

At the end of the railroad, where at the present time the streets of 
the new city of Duluth are being laid out on a steep hillside with an 
outlay of unprecedented expense, are large exposures of diflFerent kinds 

•Thti Journal. I|t9. p. B38. 
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of crystalline rocks These form the shores on the left of St. Louis 
Bay and of the Bay of Superior. The former consists of a widening 
of the mouth of the river, the latter of a part of the lake shut in by a 
narrow strip of land, forming a fine harbor. The conformation of the 
west end of Lake Superior is in the highest degree remarkable. Tw© 
small tongues of land project parallel with each from the shore, and 
are met by narrow points extended in the same way from the Wiscon- 
sin shore. Narrow channels or passes only are left so as to admit to 
the waters enclosed between them. The outermost of these strips of 
land, Minnesota Point, is six miles long, and has a mean width of only 
600 feet. It consists of beach-worn material, or shingle, and it rises 
but few feet above the level of the water. These pieces have an ob- 
long, generally flattened form, and consist for the most part, of mel- 
aphyr, porphyry, and amygdaloid with calc-spar geodes, both large and 
small. 

Connor's Point in Wisconsin and Rice's Point in Minnesota separ- 
ate the Bay of St. Louis from Superior Bay. Between them ista chan- 
nel aflfording fifty feet depth of water, through which the waters of 
the St Louis reach the lake. Superior Bay has its greatest depth near 
Minnesota Point. Along the opposite shore in Wisconsin it was nec- 
essary to build out more than a hundred feet into the bay to find nine 
feet of water, while on the Minnesota side, the water had a depth of 
15 to 18 feet. A street from Duluth extends now along. Minnesota 
Point, and the railroad company have begun to cut through it in the 
neighborhood of the place where it is joined to the mainland, for the 
purpose of making a fine harbor, sheltered by this natural breakwater. 
The natural approach, six miles further south, is exposed to much 
drifting sand, and has also been worked by the people of Wiscon- 
sin in order to improve it for an entrance. 

In the vicinity of Duluth I have observed three difi^erent kinds of 
rock, but nowhere could I make out the connection which they have 
to each other. The first, which rises from under the red drift clay 
and is finely exposed in the vicinity of the railroad depot, the Ameri- 
cans style ''granite," to which, however, it has no resemblance. It 
consists principally of a feldspar of a dirty white color, which is in 
the form of fine large crystalline grains, which show three cleavage 
•directions. Two of these stand almost at right angles to one another, 
one of which has a marked greasy luster, and the other a strong glassy 
luster with fine twinning-lines. The third cleavage direction is only 
made apparent by fractures which cut both of the others at acute 
angles, and seems to appear very rarely. I took the feldspar for labra- 
13 
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dorite. The second ingredient is a dark green to black mineral, of a 
greasy appearance, which it is difficult to distinguish, because the color 
is like that of the predominant feldspar. It is indistinctly fibrous, and 
I took it for diallage or hypersthene. A black, shining mineral, in ir- 
regularly shaped grains, which have a strong metallic luster, is sprin- 
kled abundantly in this rock, and stands out beyond all the others on 
the surface of the weathered crust. On a fresh fracture of the rock it 
is hard and brittle. Yet under the -action of the atmosphere it be- 
comes softer, and then if it is scratched with a knife, small black par- 
ticle^ of it remain attached to the blade. Before the blow pipe it be- 
haves like pure magnetic iron. It disintegrates only after a long time, 
and very seldom is it seen to become oxidized on the outside and 
changed to a brown ochre. No trace of titanium was discovered. 

For the most part this rock has a resemblance to gabbro, or hypers- 
thenyte, although it shows in its whole extent a tolerably uniform 
structur^, and generally a coarsely granular texture. In this rock a 
quarry has been opened, and the stone is being worked and polished 
for monumental purposes. 

The second rock is cryptocrystalline to compact. In the black 
groundmass lie brightly glittering needles of feldsjjar with evident 
twinning striation. It is exactly like the rock from small veins in the 
syenite at Sauk Rapids on the Mississippi, and is to be considered^ 
probably, with the greatest degree of exactness, until a more close ex- 
amination can be made, as a black porphyry or melaphyr. 

Next to this a beautiful porphyry forms the first rock at the shore of 
the lake. This rock is different frbm the porphyry of the St. Croix 
river, and in the main resembles the porphyry from Ilfeld in the Hartz. 
In fresh condition the groundmass is an exceedingly fine-grained mix- 
ture of a clear and a dark-brown mineral. The feldspar crystals ap- 
pear only by reason of their luster, upon the commencement of disin- 
tegration of the rock, because of their presenting a somewhat brighter 
color. Magnetite is sparsely disseminated, and still more sparsely a 
little pistazite. But the latter mineral is very abundant in the seams, 
and veins of calc-spar with which the rock is very much intersected. 
In the same manner also laumontite occurs, and in fact as a pseudo- 
morph after calc-spar. In company with this broWn porphyry is found 
an amygdaloid with a somewhat decayed groundmass. The cavities, 
which are somewhat elongated, are filled with quartz, calc-spar, chlo- 
rite and a decaj'ed iron-bearing mineral. The crystals of feldspar in 
the porphyry are also in process of decay. A regular variation or in- 
terchange between these two rocks is nowhere to be seen. On the 
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other hand the undecayed massive porphyry goes over to the amygda- 
loid Apparently the decaying of the groundmass and the crystals has 
gone on step by step with the filling of the amygdaloidal cavities. 
As already remarked, I have observed the above described rocks no- 
where in contact. The works m the city of Diiluth will, however, 
soon furnish fine exposures. The beds of the Lower Silurian which 
appear further down on the Lake Superior shore, and upon the river, 
are not found at Duluth nor in the immediate vicinity. Similar red- 
dish-brown porphyries appear to be very widely distributed on the 
north shore of Lake Superior. The lateness of the season prevented 
an excursion in a sail boat for observation along the coast. The above 
described crystalline rocks are 'grouped together by all American geo- 
logists under the name **trap." Whittlesey mentions an augitic, 
quartziferous and amygdaloidal trap. In other places he speaks of a 
brown, decayed trap, and of a firm trap, both cut through by dykes of 
basalt, without giving any further definition of these different rocks. 

The Potsdam sandstone forms the north shore of Lake Superior, as 
well as the south shore. The dip of the beds forms an anticlinal, and 
the lake consists of a basin of fresh water in the layers of the Lower 
Silurian. The breaking out of porphyries and melaphyrs, sometimes 
in the form of dykes and at other times alternating in layers with the 
sandstone, makes the geological relations very complicated. Along 
the north shore runs a range of hills which consist of metamorphic 
and plutonic rocks belonging to the Huronian formation. Five or six 
miles inland it attains its greatest hight of 600 to 1,000 feet above the 
level of the lake. Then this terrane is wanting, for the most part, 
along the coast, and the Silurian beds | overlie the Huronian. 

A number of streams have their sources in this hill-range, and often 
winding through the bedded and massive rocks, with rapid descent 
bear their waters to the lake. They give rise to many outcrops and 
lay bare the bedding and such like conditions of the melapliyr-m asses. 
Several have attained a positive reputation for their promise of profit- 
able mining of copper, and are valued highly for the future mining of 
this metal. This is especially the case at the French and Knife river 

districts. 

» 

Whittlesey says that the trappean rocks which bear metallic copper, 
are of the age of the Potsdam sandstone, and that those that contain 
the sulphuret ores belong to the Huronian formation.* Also that the 
cupriferous beds become barren when they change from trap to sand- 
stone. I am still too little acquainted with the appearance of copper 



* Whittlesey's report of 1966, p. 5. 
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on the north shore of Lake Superior, to presume to have an opinion 
respecting those beds that may be valuable for mining, but I do not 
believe that the first of these statements has any general validity. I 
had opportunity to examine somewhai closely some fragments from a 
vein in a rock designated " trap," from the north shore. It was ob- 
tained from a bay between Encampment Island and Kinewabic river, 
and hence from the area occupied by the rocks of the Potsdam. * This 
place is 30 miles from Duluth, and in the vicinity of Knife river. The 
rock has a resemblance to a bright, clay-slate, with many strings of 
calc-spar cutting it in all directions. The calc-spar is crystallized in 
veins. Its weight certainly indicated that it contained copper or iron. 
Upon a careful examination can be seen .also a sulphide, and black 
specks of a substance having a metallic luster on the outside, finely 
scattered through the mass. The latter shows before the blowpipe, 
the reactions of a mixture of chalcopyrite and pyrite. It contained no 
native copper, and I could not discover in the wet way any trace of 
silver. 

The above mentioned rock is said to have a thickness of forty feet, 
and rises perpendicular from the shore, and can be followed inland a 
short distance. Only the smallest portion of this mass embraces those 
sulphides and metallic compounds. Similar exposures, showing a little 
metallic content, a layering and a network of a small mineral vein, 
are a frequent occurrence in these massive rocks, and point with 
certainty to a very general diffusion of copper. Yet it has not been 
found in suflScient quantity to support mining with profit. The best 
prospects are located at French river, in melaphyrs interbedded with 
sandstone. 

Immediately after the conclusion of a treaty with the Indians in the 
year 1854, by the terms of which the north shore of Lake Superior was 
opened to the whites, agents of eastern carpi talists explored the region 
for mineral deposits. Upon superficial observations of men who had 
but slight acquaintance either with geology or mining, large tracts 
here were set forth as mineral lands, and as such were disposed of by 
the government to companies and private individuals. In 1858 the 
land was surveyed, and many ** claims," which had been made before 
were relinquished. A few years ago a company was formed in Buffalo 
which began to explore the regions of French and Knife rivers more 
carefully. A shaft was sunk to the depth of 48 feet, and a quantity of 
copper ore was found in the deeper lying beds. Nevertheless, these 
works are now suspended. 

At different places on the St. Croix river and its tributaries, copper 
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has been found. Especially is Taylor's Falls and that vicinity, as well 
as Kettle river, forty miles further north in Minnesota, regarded as a 
region which some time will be celebrated as a copper. producing dis 
trict. What has .been found thus far consists, in the first place, of 
large massive pieces in the river-bed, and in the water-worn material 
of the drift which covers the river banks, and secondly of veins and 
layers in the porphyry, which produce both metallic copper and copper- 
glance and copper-oxide, from a heavy but decayed gangue. 

Massive, irregularly-shaped, but rounded pieces of native copper 
have been found in several places in the valleys of streams coming 
from the north. I saw at Taylor's Falls a heavy specimen weighing 
fifteen pounds, which was found in the digging of a well several feet 
below the surface, in the drift. These copper masses in every instance 
have been exposed for a considerable time to the action of water, and 
I do not believe that their place of origin should be considered as be- 
ing in that vicinity. In this opinion I was afterward strengthened, 
since I found in the drift and gravel which lie on the St. Peter sand- 
stone, as large and equally rounded a piece of metallic copper in the 
eastern part of the city of St. Paul. It is most probable that along 
with the drift, metallic copper is brought hither from the southern 
shores of Lake Superior. * 

What I have seen of the copper-bearing rocks of Taylor's Falls, 
shows the presence of this metal in small quantities near the surface, 
affording, therefore, some expectation of profit on deep mining. I was 
conducted to two old shafts and several pits which some time before 
had been sunk on the summit of a range of porphyry. The shafts 
were filled with water to the top. The material lying about contained 
no native copper. It was a porphyry in process of decay, with veins 
of quartz and feldspar. A six-inch vein of feldspathic, decayed rock 
had given rise to the exploration. The feldspar vein can be followed 
for a distance of several hundred feet, and, according to the statement 
of my companion, under whose instigation the work had been under- 
taken, had a thickness of two and one-half feet at the depth of twenty. 
The samples brought from this depth consist of a much changed fel- 
despathic snd calcareous rock. Copper strikes through the mass in 
slender leaves and threads. Fine black threads, of a black metllic 
luster, were found to be copper-sulphide, before the blowpipe, and did 
not exhibit, in the wet way, any content of silver, so far as I could 
judge. A second place, which had been pointed out by the residents 

*Ma8«e8 of metallic copper are found occasionally in the northern drift in Michigan, Wisconsin and 
Ohio. 
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as an outcrop of a copper vein, is at the mouth of a creek which passes 
down the steep blufiFs through the midst of the town. It was a sort of 
contact-vein between the porphyry and the sandstone. What I could 
see of the gang-mass • in the neighborhood of the very imperfect ex- 
posure, consisted of an earthy, much changed amygdaloid. It was as- 
serted to me that copper is to be found, although I saw in the amygda- 
loid itself not a trace; and I expect that it is one of the erratic pieces 
from the drift, which is disseminated in the bed of the creek between 
the larger blocks of porphyry. 

Similar feldspar veins as those above mentioned are a very frequent 
appearance in the porphyry. They always have at the surface only a 
few inches thickness. 

More promising appears the copper outcrop on Kettle river. In 1865 
it was pronounced a true vein with a width of 22 feet by Prof. James 
Hall. I obtained several pieces of the gang. They consist, first, of a 
brownish dense melaphyr-amygdaloid without apparent crystals. The 
cavities are filled with quartz, calcite, epidote and copper. It is cut 
through by numberless fine slits which are filled with the same miner- 
als. The copper is in threads, thin sheets, and also in net-work and 
knot-like forms, and is always accompanied by quartz, calcite and epi- 
dote. The color of the groundmass changes from brown to green, and 
several specimens approach the color of green, although more dis- 
tinctly colored through. This is a bluish-green rock, with heavy 
groundmass, though without evident crystals still carrying the same 
cavities and amygdaloidal minerals. 

A third rock is much changed, mainly feldspathic, but interspersed 
with a dark mineral. Its prevailing color is derived from copper-salts. 
The copper is metallic, and is desseminated in extremely fine threads 
through the whole mass. In this rock appear outcropping veins of 
copper-glance and earthy malachite. At Fleast there are, among the 
material derived from this locality, two handsamples which show both 
these ores in the same groundmass. 

The copper-bearing samples of rock from Kettle river, collectively, 
have the aspect and the characters of vein rocks. 

How far the above described appearances may warrant the hppe of 
profitable mining of copper, must be left undetermined till more exact 
investigations shall have established the extent, the range and the 
content of copper. The lands of Kettle river have been taken posses- 
sion of by speculators, in the same manner as those of the north shore 
of Lake Superior some time before. Here and there examinations 
have been made in order to learn something of the particulars of the 



STATE GEOLOGIST. 199 

region, yet always in a hasty way and generally by people without 
suflScient geological knowledge. 

From Vermilion lake I have become acquainted with gneisses and 
firmly crystalline clay slates with much interspersed pyrites, which ap- 
parently belong to the Laurentian system. , A number of quartz veins 
<5ut through these metamorphic schists, which contain a little portion 
of copper pyrite. The pyrite has been shown to be gold-bearing. A 
short time ago arose a real excitement, of the American type, over Ver- 
milion lake, because it was believed that here had been found a new 
gold field. There were formed in Chicago, New York, and other 
■cities, several companies; and caravans with furnaces, stamp-works, 
and amalgamating mills, pressed forward into the wilderness. Large 
sums of money were soon sunk in Vermilion lake. The government 
itself laid out a road from Duluth, and the works were in progress till 
£L short time since. Several shafts were dug, among others one 70 feet 
deep by a New York company. As yet the costs have far exceeded in 
amount the value of the small quantity of gold which has actually 
heen taken out. I have seen a number of samples of the gold-bearing 
quartz of Vermilion lake, but have not yet found even a speck of na- 
tive gold. Likewise I have not been able, in spite of the most diligent 
enquiry, to find any one who has seen it. There is now no doubt at 
all that so long as the region remains inhabited by Indians and fur- 
animals, separated seventy miles from any railroad, the amount of gold 
taken out cannot pay any one. 

Tie same must be said of the iron ores outcropping in the neighbor- 
hood of Vermilion lake, concerning which the reports brought by 
travelers are very favorable; the profitable mining of which, neverthe- 
less will not be entirely feasible without a railroad connection with 
Lake Superior. The description which Eames gives of these* agrees 
with the red iron-rocks of the Huronian on the south shore of Lake 
Superior in the State of Michigan"** The iron ores from Vermilion 
lake that have been brought to St Paul consist of a very pure, glitter- 
ing haematite, of a steel-gray color. 

It is probable that further search in Minnesota, on both sides of the 
zone of Laurentian rocks, will show the presence of Huronian iron 
ores. There have this year new surveys been made along the branch 
line of the Pacific railroad which runs along the Mississippi, extending 
further toward the north. I hope by this means to learn of interest- 



*Report of Henry Eames 1866, p. 11. 



**Credaer: ZeUschr^ d. Deutsch, geoU Gea. 1869 «. 627. 
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ing facts concerning the i;elationships of the Laurentian, Huronian 
and Silurian rocks in the upper portion of the Mississippi valley. 

Besides the rocks and formations described above, I have marked 
upon the plate (Taf. VIIT.) a small area south from the St. Peter river 
lying between Laurentian and Huronian rocks. This small area be- 
longs, according to the investigations of Prof. Hall, to the Cretaceous 
formation. It is an old fresh-water basin in which has been found a 
considerable quantity of brown coal. As I have not examined the 
region myself, and I know nothing further about it, I shall give here 
nothing further concerning its appearance. Much effort has been 
made continually to find stone coal, or brown coal, in Minnesota, be- 
cause in a large part of the State there is a lack of forest, and there- 
fore of fuel. The small Cretaceous area on the Cottonwood river is as 
yet the pnly spot where real coal-bearing beds have been found in out- 
crop. All former discoveries have proved to be **drift coal," or erratic 
pieces in the diluvium. 
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Vll. 

CHEMISTRY. 

AKALT8B6 BY PBOF. JAKES A. DODGE. 

Analyses have been reported by Prof. Dodge of substances for the 
survey, from Nos. 69 to 83, both inclusive, of the Chemical Series. 
This list is from the following localities : 

No. 69. Efflorescence on the surface of the ground (*' alkali ")> Sec. 
14, lona, Murray Co. Mus. Reg. No. 3936. 

No. 70. Light-colored pipestone, or "chalk-rock" so-called. Palis- 
ades, Minnehaha County, Dakota, two rods east of the dam, in the 
plane of the pipestone. Mus. Reg. No. 3896. 

No. 71. Light blue calciferous sandrock, from the lower part of the 
quarry of Maxfield and Mather, Mankato, showing non-hydrated .(un- 
oxidized) natural condition of the deeper beds of the Shakopee for- 
mation. 

No. 72. Rice Point granite. No. 1 of the Survey Series. To deter- 
mine the alkalies and the lime of the feldspar. 

No. 73. Rice Point red granite. No. 1 B, of the Survey Series. To 
determine the alkali of the feldspar. 

No. 74. Limestone, supposed to be hydraulic the equivalent of the 
shale layer at Maxfield's quarry, at Mankato. From the quarry of J. 
R Beatty & Co., near Mankato. 

No. 75i Light-colored, nearly white clay, supposed to be kaolinic, 
from the same pldce as the above, but probably Cretaceous. 

No. 76. Water from Mille Lacs, needing filtering. 

No. 77. Water of the Mississippi river from above Minneapolis 
about one mile, right bank. 

No. 78. Water of the Mississipi river from below Minneapolis 
about one mile, right bank. 
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No. 79. Limestone of the Hudson river Group at Clinton Falls, 
near Owatonna, quarry of Jiindersmith & Son. 

No. 80. Limy sediment in a layer in the till, on Nicollet Island, 
Minneapolis. 

No. 81 Ore supposed to contain copper, from near Beaver Bay. 
From T. 56, R. 8, S. W. i Sec. 22, on North river, Wieland Brothers. 

No. 82. Lime City limestone, Filmore county. Mus. Reg. No. 4099. 

No. 83. Concretionary Cretaceous. Two Rivers, Morrison county. 
Mus. Reg. No. 4561. 

ANALYSES. 

Xo. 69, Chemical Series. Museum Reg. No. 3936. 

" Alkali'' Efflorescence, with soil adhering. 

Whole substance powdered, air-dried, digested with water: -7" 

Per cent. 

Dissolved by water 48.6 

The residue digested with hydrochloric acid: — 
Dissolved additional ^ 3.1 



Total dissolved matter of the whole substance 51 7 

Portion dissolved by water contained : 

MgO, 22.5 per cent. } nn o i. i u i. 

SO 44 8 ** \ 67.3 per cent, sulphate magnesia 

Water not determined 

SiOg, FcgOg traces 

. Organic matter traces 

The sulphate of magnesia was therefore not present in the form of 
Epsomite, as MgO, SO 3, 7H2O. 

Would require M^O, 16.26 per cent. | ^g^g ^^^ ^^^^ 

** 7HjO ...51.22 

Portion (additional,) dissolved by hydrochloric acid contained: 

SiOg ..- 18.6 percent. 

Fe^Oj, AI2O3 and phosphoric acid 58.3 ** (mainly FcjOj) 

MgO 20 5 

CaO traces 

Organic matter " 

Alkalies '' 

The residue, insoluble in H CI, fused with carbonate of soda, gave : 

SiOg 75.8 

AI2O3 :. 11.1 

Fe^Os 2.1 
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CaO ! 86 

* MgO 66 

Organic matter^ considerable 

Alkalies trace 

This residue was in fact simply a dark soil, with fragments of 

roots &c. 

Carbonic acid, and chlorides were almost wholly absent from the 

substance. Potash and soda were present in slight traces. Lime also 

was present in slight traces. 

No. 70, Chemical Series, Museum Reg No. 3896. 

SiOj 50.4 percent. 

AlA 33.3 

Fe,0, 2.8 

CaO :... 0.6 

MgO 0.17 

Na,0 3.5 

K.0 0.6 

H,0 9.6 



(( 



100.97 

The composition agrees fairly with that of Catlinite, which the rock 
resembles in physical properties except color, being white with tinge 
of yellow. 

No. 71. Rock, a limestone of light-gray color, containing silica. 

Ten grammes of the powered and. dried mineral were digested with 
hydrochloric acid; a residue was left which weighed 1.552 gms., mak- 
ing 15.52 per cent, of the rock; the portion dissolved was therefore 
84.48 per cent. 

Analysis of portion dissolved by hydrochloric acid : — 
Fcg Os with small amount 

of Alg O3 and SiOg 3.14 per cent., being 2.65 per cent, of whole rock. 

CaO CO, 55.47 ** " 46.86 

MgO CO, 39.73 '* *' 33.56 



(( i( tt 

(( (C <( 



98.34 83.07 

Analysis of portion left undissolved by hydrochloric acid: — 
SiO, - 77.9 per cent., being 12.1 per cent, of whole rock. 

Alg O3 - 19 24 " " 2.99 

CaO - .34 '' " .05 

MgO - .12 ** ** .02 " " ** 

Alkalies, traces. 

Organic matter, traces. 

97.60 15.16 



• 
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It appears, therefore, that the rock is a magnesian limestone, with 
about 12 per cent, of silica and somewhat over 2i per ceht. of oxide 
of iron. 

No. 72. A granitic rock of bluish-gray color, from which the felds- 

pathic portion was selected (by mechanical means) as clean as possible. 

This portion, which was still, however, not wholly unmixed with 

other constituents of the rock, was analyzed with the following result : 

SiO, 

Al, O3 
. and Peg Oj* 

CaO 

MgO 

KgO 

Nag 3.39 

HjO 

100.76 
No. 73. A granitic rock of reddish color; this was analyzed as a 
whole, the grain being too fine to permit mechanical separation of its 
constituents. 

Si 0« 75.78 per cent. 

Al, O3..- 11.09 

Feg Os 2.09 

CaO 86 

MgO' 65 

KjO 1.06 

Nag 6.43 " 

HgO 1.82 



49.78 per 


cent. 


32.36 




11.55 




1.43 




.41 • 




3.39 




1.83 





99.78 

No. 74. Rock a siliceous limestone. Digested with hydrochloric 
acid, a residue was left amounting to 19.67 per cent., the dissolved 
portion was therefore 80.33 per cent. 

Analysis of portion dissolved by hydrochloric acid : — 

SiOg .27 per cent., being .21 per cent, of whole rock. 

<( <( << 



AI2 O3 .15 

Fe, O3 3.03 

CaO CO, 55.62 

MgO CO. 39.13 



.11 

2.43 

44.68 

• 31.59 



it a << 



98.21 79.02 



*NoTE.— The amoaQt of oxide of iron is quite small. 
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Analysis of portion not dissolved by hydrochloric acid: — 

Si O2 - 78.27 per cent., being 15.29 per cent, of whole rock, 

Al^Os . 18.33 '' '' 3.61 

CaO - .48 '' " .09 ' '' 

MgO . .23 '' " .04 

Alkalies - traces. 

Organic matter traces. 



97.31 19.03 

A determination of water in the dried powder gave 4 per cent, (of 
whole rock.) 

This is therefore a magnesian limestone, containing about 15 per 
<jent. of silica, and but a moderate quantity of oxide of iron. It 
would appear likely to make a good hydraulic lime. No. 71 might also 
serve that use. 

No. 75. A very light-colored clay, from Mankato. This was pul- 
verized, without grinding up the particles of gritty matter that were 
to some extent intermixed with it ; the powder was then mixed with 
distilled water, the suspended portion poured off and allowed to settte 
for a day or two; the settled portion was then collected, dried at 212°, 
and submitted to analysis by the common methods for silicates. 

SiOa 87.7percent. > 

AI.O5 7.24 

FCi O3: traces " 

CaO 67 

MgO 07 

K2O 49 " 



NagO 3.17 

Organic matter traces 

Water .• traces 



i< 



, 99.34 

Xo. 76, of the Chemical Series. As received this water showed some 
turbidity, and had deposited a brownish sediment in the can. It was 
filtered, and a large quantity evaporated. In the course of this evap- 
oration a similar brown flocculent matter separated out. It consisted 
of organic matter mixed with oxide of iron. 

The residue from evaporation was submitted to analysis, and found 
to consist of the following substances, In the amounts stated : 
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Silica 3 86 per cent, of total residue from evaporation. 

Carb. lime 28.07 

Sulph. lime 95 

Carb. Mag 28.62 

Oxide of iron 1.26 

Carb. potassa... 3.03 

Carb soda 11.09 

Chi. sodium * .74 

Organic matter .. 22.40 

The weight of the residue from a given quantity of water was found 
to be in the proportion of about 10 grains to the gallon. Reckoning 
the above specified constituents in grains per gallon, I found: — 

Silica 2499 grains per gallon 

Carbonate of Lime 3. 1355 

Sulphate of Lime 1051 

Carbonate of Magnesia.... 3.1589 

Oxide of Iron .1389 

Carbonate of Potash 3346 

Carbonate of Soda 1.2241 

Chloride of Sodium 0817 



Total Mineral matter 8.4287 

Organic matter 2 4458 



Totalresidue 10.8745 

In regard to the above figures, it is to be noted, that the amount of 
solid residue taken as a whole is not great, compared with that from 
many waters in. this State; that the amounts of lime and magnesia 
(existing in the water as bicarbonate s,) are but moderate; that sulph- 
ates and chlorides are almost wanting, and that the water is alkaline j 
by virtue of the presence of the carbonate of potash and soda. Upon 
concentration of this water, in a platinum dish, a ready and decided 
test is obtained by litmus and turmeric papers. 

Further, it was found that nitrates and phosphates are absent. 

No special examination of the organic matter was made. 

Nos. 77 and 78 of the Chemical Series. 

Minneapolis, Minn., March 13, 1882. 
Prof. N, H. WlncheU: 

Dear Sir: — I hereby report the results of my analysis of the water 
of the river made at your request with a view to determine what dif- 
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ference might show itself in the water above and below the city. Two 
samples were procured, at the same time and in the same manner, the 
one (No. 77,) at a point on the west bank about half a mile above the 
upper bridge, (Plymouth Ave.,) and above all apparent considerable 
sources of contamination, the other (No. 78) at a point, also on the 
west bank, below the brewery, at the small grove near the Fair 
Grounds. 

, These two samples of the river water have been submitted to pre- 
cisely the same 'course of analysis. A quantity of each sample, 
amounting to eight litres — somewhat over two gallons — was evapo- 
rated to dryness, and the composition of the residue ascertained. In 
addition, the method of determining organic matter in water by the 
distillation process of Wanklyn, \v^as applied to each sample of water. 
The samples of water were procured by me about the 20th of De- 
cember. They were immediately filtered, and kept in suitable glass 
vessels; that part of the work of analysis which needed to be done 
without delay, in order to avoid the effects of change in the water by 
keeping, was done. The remainder has been carried on with other 
work during great part of the winter. 

1. Composition of the residue from evaporation of the water of 
the river above Minneapolis : — 

Silica. Si02 78256 grains per gallon 

Carbonate of Lime, CaO COg ' 6.39532 

Carbonate of Magnesia MgO, COg 3.15307 

Carbonate of Iron^ FeO COg 05504 

Chloride of Sodium, NaCl .16352 

Potash, K2O 10162 '' 

Soda, NaaO .17462 '' 

Sulphuric Acid, SO3: 16445 '' 

Nitric Acid, N2O5 1 traces 

Total Mineral matter in the residue.*. 10.99020 '' 
Organic matter 1.40228 '' 

Total Min'l & Organic m't'r in residue 12.39248 '' 

2. Composition of the residue from evaporation of the water of the 
river below Minneapolis : — 

Silica, Si02 97090 grains per gallon 

Carbonate of Lime, CaO CO2 6.13722 '' 

Carbonate of Magnesia, MgO CO2 2.42827 

Carbonate of Iron, FeO CO2 15560 
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Chloride of godium, NaCl 18408 

Potash, KjO 16826 

Soda, NajO 15126 " 

Sulphuric Acid, SO3 17462 

Nitric Acid, NjOj traces.more than in No.l 

Total Mineral matter in residue 10. 36021 grains per gallon 

Organic matter., 1.96219 
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Total Min'l & Organic m't'r in residue 12.32240- 

3. Results of Wanklyn's method for determining the organic mat- 
ter, in water from above city: — 

Free Ammonia, .0175 milligrammes per litre, 

or .0175 parts per million. 
Albuminoid Amonia, .0625 mgm. per litre, 

or .0625 parts per million. 

4. Results of Wanklyn's method for determining the organic mat- 
ter, in water from below city : — 

Free Ammonia, .0266 parts per million. 

Albuminoid Ammonia, .1550 parts per million. 

I would like to call attention to the following points : First, the 
amount of matter, mineral and organic together, differs but little, in 
the residues from the evaporation of the two waters; but the amount 
of organic matter in the water from below the city is appreciably 
larger than in the water from above; on the other hand the amount 
of mineral matter is larger in the water from above. This latter re- 
sult was to me wholly unexpected, but I am certain of its correctness. 
The water of the river below contains a little less carbonate of lime 
and magnesia than the water above. The difference, however, is 
wholly immaterial in a practical point of view, and may be accounted 
for by the influx of several creeks which bring in softer water than 
the river; also by the consideration that what lime finds its way into 
the river from factories and from masons* use, may serve to precipitate 
a small part of the carbonate of lime and magnesia that are in the 
river. Second, the difference in the amount of organic matter in the 
two samples, is quite material, in sanitary respects. The results of 
the determination of free ammonia and albuminoid ammonia are such 
as to place the water from above the city under the head of good 
drinking water, while that from below would be excluded from that 
class. It is to be observed that the water below shows somewhat more 
of all ingredients except lime and magnesia. In the case of nitrates, 
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a quantitative fie termination could not be nit* Qualitative testa 

showed somewL..i more in the water below. 

Very respectfully, 

Jam^s a. Dodgb. 

Chemical Series, No. 79, a Siliceous Limestone. 
Soluble in hydrochloric acid: — Insoluble in hydrochloric acid: — 

per cent, of per Moft. of 

whole rock. wbolorook. 

Silica 2.88 Silica 10.74 

Oxide of iron 2.56 Oxide of iron and alumina . .80 

Calcium carbonate 58.09 Lime traces 

Magnesium carbonate 19.90 Magnesia 68 

Alkalies traces Alkalies traces 

Sulphric acid traces Organic matter not determined 



83.43 16.17 

Chemical Series No. 80. 

Calcareous rock, with iron pyrites distributed through it, and baV" 

ing a vein mainly of pyrites. 

Main rock : — Vein : — 

Assayed i oz. gold ) . Assayed 1 oz. jzold ) ^„ ^ ,^„ 

^ oz. silver \ P^^ *^^- iV oz- silver S ^^ ^^' 

Chemical Series No. 81, Calcareous Layers in Drifts Nicdlet Island. 

Soluble in hydrochloric acid : — Insoluble in hydrochloric acid : — 

per eent, of per eenl. of 

whole rock. vrtwle r<ick. 

Oxideofiron 2.69 Silica and nilicateH ,. 35.53 

Calcium carbonate 55.55 

Magnesium carbonate 4«95 



63 19 
Chemical Serie^s No. ^^ Lime$Unu. 
Soluble in hydrochloric aeid: — Insoluble iu hydr^MihU^rUi acid; — 

l»er «rtrt of per ^2«i4> ^ 

vlk^k n<ck> vibuk rvck, 

Oxideofiron... 73 Siliea, et^: 4,57 

Calcium carbonate 70.53 

Magnesium carbonate 23.49 

J^75 

Chemical Series^ Xo. 83- A w]ie4^u» rock, to a i^e^i e%texit soluble 
in hydroehlorie aeidL 
14 
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The rock was analyzed as a silicate, and its composition found to be 
as follows : — 

Silica 19.81 percent. 

Alumina 52.43 

Oxide of Iron 1.32 

Calcium Carbonate 1.64 

Soda. 0.44 

Water 23.23 



98.87 



In appearance this rock bears a considerable resemblance to com" 
pact gray limestone. Its hardness is a little less than that of lime- 
stone. 
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VII. 

THE GEOLOGY OF THE DEEP WELL DRILLED BY C. C. 

WHELPLEY AT MINNEAPOLIS, AT THE 

"C" WASHBURN MILL. 

BY X. H. WINCHELL. 
(bead before the MimOSSOTA ACADHMY OF SCIENCES, JANUARY, 1882.) 



I have just seen for the first time the record and drillings of this 
well (Dec. 1881), though the well was drilled some years ago, and the 
record and drillings were preserved at my request. The set sent me by 
Mr. Whelpley was lost in some way by being miscarried. The set on 
which these notes are based was encountered in the late moving of the 
eiBFects of the Academy to new rooms, and I take the first opportunity 
to bring before the Academy what I deem important information con- 
cerning the strata that underlie the city, derived from an examination 
of this tube.* 

In order to appreciate the bearing of the new facts on the geology 
of the region, it will be necessary to review briefly the former knowl- 
edge we had of the strata underlying the city. In the report of the 
geological survey for 1876, will be found a description of the geology 
of Hennepin county, by which it will be seen that the strata of the 
Lower Magnesian formation, represented by the Shakopee limestose 
extends under the St. Peter sandstone, occupying, conjecturally the sur- 
face of the western and central parts of the county. In the same report 
is a section of the deep well drilled in East Minneapolis, as furnished by 
the city engineer, Col. J. B. Clough, the designations of the strata be- 
ing his, or of the party who drilled the well. The drillings of that 
well were not preserved, and it was found impossible to verify the des 
i^ations by a comparison with them. It will be seen bj- that section 



*Tbtb drilUogs from the well wete ezbibtted fo a glass tobe aboot three feet long, io the order cf tkeir 
plftoes in the strata. 
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that a '" red limestone '* was reported as penetrated, beginning at 234 
feet and extending a depth of 102 feet farther. Under this is reported 
a " gray limestone.*' Below these, followed alternating, gray and white 
sandstones and shales with some sandy limestones, to the depth of 1074 
feet. At that point the drill entered a red shale and sandstone which 
seems to have varied very little, if any, up to the time the work ceased 
at a depth of 1421 feet. This red shale and sandstone is the same for- 
mation in which the deep well stopped at Belle Plaine, and at other 
places in the State, the equivalent of the red shales of. the Lake Su- 
perior region, the probable true Potsdam of the northwest. The well 
reported by Mr. Whelpley only goes to the depth of 205 feet, but as the 
drillings are presented with the recorded designations, it throws light 
on the geology of this part of the State which has a bearing on the 
proper interpretation of the deeper well of 1874.. It is as follows, as 
given correctly by Mr. Whelpley : 

1. .Peaty black soil 2 feet 

2. Drift sand and stones 8 ** 

3. Limerock, (gray and blue) 24 

4. Blue clay, (shale) 2 

5. White sandrock 44 ** 

6. Yellow sandrock 7 * ** 

7. White sandrock 41 " 

8. Yellow sandrock. 3 " 

9. Fine, white sandrock 22 ** 

10. Yellow saiidrock 5 ** 

11 . White sandrock 2 " 

12. Pipestone clay, reddish brown 2 

13. Coarse, white sandrock, (water to top of ground) .. 21 

14. Coarse, gray sandrock '. 17 

15. Hard, gray sandrock 4 

' 16. Red rock, (grit) penetrated only 1 






(( 
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Totaldepth 205 " 

On comparing these records it will be seen that the former well pen- 
etrated the two feet of pipestone clay at about the depth of 197 feet 
(of its own record,) without any notice being tajren of it. This sup- 
position is more probably correct than that this clay was not encoun- 
tered, judging from a general looseness of designation that seems to 
pervade the earlier part of that record, and from the nature of the 
stratum and the proximity of the wells to each other, (about one- 
liird mile apart). Furthermore, the record of white sandrock contin- 
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ties alike in each well down to the depth of 204 feet in one, and 234 in 
the other, which, calculating from the top of the Trenton limerock, 
makes the ''red rock *' in one well (Whelpley's) appear at 195 feet, and 
in the other at 191 feet. This shows that there could have been no 
such disturbance in the bottom of the ocean as to have changed the 
detritus and caused the omission of thp pipestone clay in the East Min- 
neapolis well ; which is also indicated by the fact, that the pipestone 
clay* was extensive enough to confine under hydrostatic pressure, a 
volume of water which rose at once to the surface of the ground on 
being pierced by the drill. 

All the sands underlying the blue clay below the Trenton limestone 
are essentially the same in character, being composed of rounded 
grains of pure quartz. These grains differ in size, the largest being 
about as large as a mustard seed, and the smallest too minute to dis- 
tinguish with the unaided eye. They differ in color somewhat, passing 
from a pure limpid glass to snowy white, and to a buff color, and to a 
smoky gray. These colors are not due to the cement in which they 
were enclosed, but to an actual difference in the quartz itself. This 
difference of color implies some change in the source of the material, 
and suggests the enquiry whether that change were not in the waters 
of the ocean rather than on the land. On the supposition that this 
pure quartz were the result of chemical precipitation, these different 
colors in the same formations are easily accounted for by such changes 
as may have occurred in the ocean by shifting currents, allowing the 
mingling of certain other substances in solution, with the precipitated 
silica so as to stain it as it is. On the supposition that this sand is de- 
rived from the preexisting land as a sediment of .detritus, it is very 
difficult to understand how such a source of pure silica, almost abso- 
lutely free from other sand and impurities, could be obtained and dis- 
seminated as widely as this sand is known to extend, and to change its 
inherent color from time to time. 

The pipestone clay No. 12, is undistinguishable from similar clay 
and shale seen in the Potsdam formation at Fond du Lac. It is some- 
what schistose in one of the fragments, and also has spots of green 
similar to the green spots seen in the same clay at Fond du Lac. In 
its schistose character it resembles some of the schistose, soapy, clays 
seen in the formation at Baraboo, Wisconsin, and at Sioux Falls, Da- 
kota. It generally is a shale and has an angular fracture. In the 
midst of one of the fragments is seen a little grit cemented by the 
same substance that cements the red rock of No. 16. 

No. 16, which is the red limestone, so-called, of the East Minneapo- 
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lis well, has not any of the qualities of a limestone. It is a coarse, red 
grit-stone, or arenaceous felsite, the grains being pure white silica, 
and the cement itself an amorphous red feldspathic substance seen to 
result in many cases from incipient metamorphism of the shales of the 
formation, disturbed by igneous eruptions, at Lake Superior. In other 
words \t is a layer of the red quartzyte formation seen at New Ulm 
and at Baraboo, Wisconsin. The East Minneapolis well found this 
layer to be 102 feet thick, and to be underlain by other sands and 
shales, some of them being blue and gray to the thickness of 722 feet. 
Thus we find an interbedded red quartzyte in the Potsdam formation 
similar to those seen in the same formation in the Black Hills, and in 
several other places in the Rocky Mountain region. 

I wish to call attention particularly to the occurrence of the red 
pipestone clay No. 12. This shows that the continuance of the dis- 
turbing causes, centering in and radiating from the region of Lake Su- 
perior, were still able to send a muddy agitation through the ocean 
sufficient to deposit a copious red sediment to the exclusion, almost 
entirely of the white quartz. This is within 127 feet of the bottom 
of the Trenton formation, and as nothing but white sandrock separ- 
ates it from the Trenton formation, it demonstrates the absence of the 
entire Lower Magnesian formation. Thus we find the Trenton 
brought into contact with continuous white sandstone beds, which are 
shown, at least below 127 feet, to belong to the Potsdam formation. 
How much of this 127 feet may be of the St. Peter it is impossible to 
state, because there is no change in the character of the sandrock, but 
it is just as reasonable to suppose that the Potsdam continues upward 
to the Trenton at Minneapolis, in the same manner as it is reported to 
in Eastern Michigan, as to suppose the St. Peter sandrock, which is 
well known to exist between the Shakopee and Trenton further south, 
is brought on to the Potsdam, because in both cases it necessitates 
what might be styled an invisible unconformability between the Pots- 
dam and the next overlying formation. 

The question naturally arises — in what part of the Potsdam forma- 
tion do these white sandstone layers belong? The answer must be, 
near the top, and probably quite at the top. This is evident from 
three considerations: First, there is an immense thickness of red 
sandstones and shales underlying them, as demonstrated by the East 
Minneapolis and by other wells in the State, which must belong to 
the formation, and which are the equivalent of the Lake Superior red 
shales and sandstones. Second, but a small thickness of sandstone 
supervenes before the Trenton formation is found overlying. These 
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upper light sandstones must be older however than the layers which at 
Taylor's Falls lie unconformably on the trap rock, since there the for- 
mation had progressed far enough to admit of animal life, and dolomi- 
tic beds; and it is likely that the period of upheaval exhibited about 
Lake Superior had entirely ceased before the deposition of the Taylor's 
Falls sands and dolomites, setting off those and all succeeding layers 
into an era of comparative quiet. 

In order to make the relations of ' these wells to each other, and to 
the geology of the region more evident, they are placed beside each 
other in perpendicular section, in figure No. 3. 
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FIG. 3. 
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Explanation of Figure 3. 

1. Drift * 10 feet. 

2. Trenton limestone 24 

3. Light, crumbling sandstone (St. Peter?) 125 

4. Brown-red pipestone clay 2 

6. Potsdam, sand 42 

6. Red quartzyte, Potsdam 102 

7. Light-colored Potsdam sand and shales 722 

8. Red Potsdam sandstone and shales^ at least 347 
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PAPERS ON THE CRUSTACEA OF THE FRESH WATERS 

OF MINNESOTA. 



BY C. L. HERBICK. 



I. Cyclopidce of Minnesota with notes on other Copepoda, 



II. Notes on some Minnesota Cladocera. 



III. On Notodronias and Cambarus. 



[NoTS.~The author feels it bnt justice to hiniMlf to st»tcthat part' of the material here presentod 
has been in its present form for some time. I'he work was begun in 1879 .] 
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I. CTCLOPiDiB OF MiNifBSOTA, With tiotes On Other Copepods. 

GALANID-S:. 

It ee ms that recent authors have sufficient ground for uniting the 
families Calanidce and PontellMce under the single name; the value o^ 
these terms as subfamilj- names even may be questioned. 

The family is represented in our limits hy two genera and by three, 
or doubtfully more species. 

The fifth pair of feet furnishes, by its modifications, the best criteria 
for distinguishing genera and species. 

Genus Diaptomus, Westwood. 

Body elongated, compressed ; head destinct from the thorax, anterior 
antennae 25-jointed, those of the male geniculate on the right side; 
posterior antennae and mouth parts as in Calanus; inner branches of 
all the swimming feet three-jointed except the first, which is two- 
jointed; fifth foot consisting of two unequal branches, prehensile; 
abdomen of male with five-joints, of female three -jointed. 

Diaptomus castor. 

(Plate I, figs. 1-7, Plate II, figs. 1-2, 16.) 

Bibliography. 
Monoculus castor, Jurine. 

Cyclops castor, Desmarest, Baird, Mag. Zool. and Bot. 
Cyclops caeruleus, Midler, Latreille, Base. 
Monoculus caeruleus, Fahricius, Manuel^ Gmelin. 
Cyclops lacinulatus, Muller, Bamdohr, Latreille, Bosc^ Bairdy Trans. 
Beow. club. 
Monoculus lacinulatus, Manuel, Gmelin, 
Cyclops rubens, Mnller^ Latreille , Bosc, Baird. 
Diaptomus castor, Westwood, Baird, Baker. 
Cyclopsina castor, M. Edwards, Baird, Glaus. 
Grlaucea rubens, Koch, Deutschlands Crust. 
Glaucea caerulea, Koch, ** '* 

Diaptomus castor, Baird, Brit. Entom. 

Claus, Die Freilebenden Copepoden. 
Lilljeborg, De Crust, ex ord. trib. 
Lubbock, Trans. Linn. Soc. 
westwoodii, Lubbock, *' " ** 

castor, Fric. Die Krustenthiere Bohmens. 
castor, Brady, .Brit. Copepoda. 
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The above bibliography is complete only up to a comparatively re- 
cent datie; many notices may be found in recent literature. 

The species which, after careful study, has been considered identical 
with the European D. castor is th\it described previously as D. longi- 
comis with the remark that it might prove too near D. castor. D. san- 
guineus, Forbes, seems to be the same thing nearly. If the amount of 
variability admitted by Brady to prevail is allowable I see no reason 
for separating this species. It is very variable as to size and colora- 
tion, and even in the configuration of some of the parts, as antennae, 
etc., a certain amount of latitude is to be given; (See plates of Claus, 
Zur Anatomic und Entwicklungs-geschichte der Copepoden Arch. f. 
Naturg. XXIV Jahrg., B I.) ^j^-^A; cm. in length. The following 
points are variable : — length of caudal stylets, structure and thickness of 
male geniculating antenna, size of claw of fifth male foot and spinous 
armature of feet. How far such variations may extend and how much 
they are dependent on peculiarities of habitat, etc., farther study must 
demonstrate. Some interesting facts meanwhile are suggestive. A 
second and gigantic form which may be known as 

Diaptwnus giganteus. 

(Plate II, figs. 3-11-15.) 

with the reservation that it is doubtfully of more than varietal value, 
was found under such circumstances as to suggest that it might be 
only a curiously magnified condition of D. castor. It is known to 
occur only in a small marshy pool of about two square rods extent and 
which annually dries up nearly completely. A few yards away is a 
second pool of a somewhat greater size and which less frequently dries 
up in summer. These two pools within the memory of the writer 
' were united, but in the gradual dessication which has been observed in 
all Minnesota, they have been isolated. The former pool in June was 
found to contain mature males and females of the D. giganteus only, 
few other copepods being present, while the other pool contained aU 
stages of the common D. castor. There are no neighboring waters, the 
nearest being half a mile, and that (L. of Isles) has only D. castor. 

The smaller pool soon completely dried up so that this form was, for 
the time, exterminated. The conclusion seems almost resistless that 
the stagnation incident to evaporation produced circumstances favor- 
able to the development of this enlarged form. At any rate it is an 
interesting fact in local distribution. » 

This variety is yV cm. long or more, and is much the largest fteh 
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water copepod known to me ; it is a deep red in color and very com- 
pactly framed. Although so much larger than D. castor, it is almost 
impossible to find any structural differences. The male fifth foot dif- 
fers somewhat, but mainly in the enlargement of one part at the ex- 
pense of the others. The thorns on the feet are strongly pectinate 
and the larger ones bear short spines instead of bristles. 

Diaptomiis armatusy sp. n. 
{See accompanying cut.) 

A second form is imperfectly known, but- presents some clearly 
marked distinctions which may have specific value. 

Length about as D. castor', body slender; antennae reaching base of 
abdomen only; female differing otherwise but little from D. castor {'?); 
male considerably smaller; caudal stylets narrow; antennae peculiar, 
shorter than the body; thickened portion of the geniculate antenna 
short; two last joints very short; one preceding the second long, bear- 
ing a hook at end; fifth foot with a very long claw to longer ramus 
(nearly as long as the ramus itself) with a tooth on the inner margin 
near the base, not perfectly arcuate, reaching, when extended, to end 
of caudal setae. 




Fig. 1. 

Diaptomus armatus, 
a. part of male antenna, b. fifth footjof male. 



Genus potomoichetob,* Gen. nov. 
Cephalothorax six-jointed as in Diaptomus, but with the distal seg- 
ment more evident; abdomen, in the male, five-jointed, in the femaU 



*RiTer inhabitor. 
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four. jointed) antennae twenty- four jointed, the right geniculated as in. 
Centropages (^=/chthyophorhia); first pair of feet with the rami fco^A 
three-jointed f like the following; feet pf the fifth pair, in the female, 
like the preceding, but with a spine of the joint preceding the ter- 
minal one enlarged and divaricated somewhat as in Centropages; in the 
male, the right with a two-jointed outer ramus, the terminal joint of 
which is spined and bears near its base a blunt expression of its inner 
margin; outer ramus of left foot three-jointed, armed with unequal 
spines; inner branches smaller, similar, three-jointed; the terminal 
'joint bearing curved spines; ovary and testes as in Diaptomus, witli 
which the mouth parts agree in the main; eyes medium, confluent; no 
lower or secondary eye-spots. 

POTOMOICHETOR FUCOSUS, Sp. UOV. 

(Plate II, Figs. 12-14. Plate III, Figs. 1-8, 13-U.) 

Bather slender, and in size, as well as general appearance, resembling 
the smaller forms of Diaptomus castor ; antennae rather stout, reaching 
but little beyond the feet, appendaged as in D. castor, in the male 
strongly geniculated, but somewhat variously so; the six joints pre- 
ceding the terminal four are* thickened ; those preceding the joint or 
hinge are arcuate on the distal margins; the secondary antennae are 
about as in Diaptomus ; mandibular palp two-branched ; the outer three- 
jointed, the inner two-jointed; the terminal joint of the shorter branch 
bearing seven setae, of the other four, the proximal joint of the former 
with three stout spines; the maxillae nearly like Diaptmnus; the pro- 
cesses have respectively the following numbers of setae : the basal 
plate eight, the small process at base of posterior branchial appendage 
one, the appendage itself twelve, terminal portion 'three groups, first 
containing nine, the second three and the third four or five, the upper 
of the anterior processes two and the lower three; fifth feet nearly like 
the others in size; the right in the male having the outer branch but 
two-jointed by the coalescence of the tWo outer to form an arcuate 
and deformed appendage armed at the end with three stout equal 
spines; corresponding branch of left foot three -jointed; the terminal 
joint bearing three unequal spines, each of the 'preceding but one; 
inner branches similar, three-jointed; terminal joint being short and 
armed with three short lanceolate setae and three longer ones, two of 
which are curved so as to be slightly prehensile; fifth foot of female 
with both rami three -jointed; inner ramus much smaller; antepenult 
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segment of the outer ramus extending into a large lanceolate process; 
ova sac long-elipsoidal reaching to nearly the end of caudal setae. 

This species prefers running water or estuaries of streams. Crow 
river, Meeker county, and a brook between Minneapolis and St. Paul. 

NOTE ON CANTHaCAMPUS. 

Claus says {Freilebenden Copepoiien, p 121) that he could not fin^he 
coiled ' 'shell gland" in Canthocampus, though it is described by Leydig. 
I have found it in a European species, (C. minutus?) and think it con- 
stant. Canthocampus also has a singular area of nervous hairs upon 
the forehead, and in the same situation, pits which seem rudimentary 
eye-spots and sometimes appear to be pigmented. The pentagonal area 
mentioned is bounded bv a raised line. 

CYCLOPIDJE 

Contains five genera, viz. : Thorelha, Gi/clops, Olthona^ Lophoph- 
orus and Cyclopina; passing, by the genera Misophria and Pseudody- 
clopSy into the Calanidw or marine copepods. The affinities of these 
little studied genera need further study, as they are very interesting, 
the question being still open in how far the cyclopoid forms are altered 
by adaptation to saline habitat, if such an adaptation takes place at all. 

The following is Brady's definition: 

Cephalothorax ovate and usually much more robust than the abdo- 
men; anterior antennae seldom longer than the cephalothorax, those 
of the male alike on both sides and modified for the purpose- of clasp- 
ing : posterior antennae branched (i. e. palpus wanting); palps of 
mandibles and maxillae usually well-developed; foot-jaws mostly less 
developed than in Cal(inid(f\: first four pairs of feet as in Calanidce^ 
fifth pair rudimentary, alike in both sexes, and usually one -jointed; 
ovisacs two. 
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Cyclope with abnormalljjpectmated candal setn. 
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Genus ctolops. 

Brady well says of this genus : **As regards discrimination of species 
it is, perhaps, the most difficult and puzzling of all the Gopepoda." 
He also states that '* the only safe rule in this state of things is to ac- 
cept no specimens as types which do not show amongst them ova- 
bearing females." It is necessary, however, to limit the matter more 
closely, as will be shown farther on, for not only do immature females 
become fruitful even while the antennae are yet incompletely developed, 
but the species are subject to a sort of dimorphism which it is interest- 
ing to parallelize with that in the males of Vumbarus. The species are 
all fresh-water, so' far as it is at present known, though it may be that 
salt-water forms exist under other names. 

The characters of the family with some limitations apply to the 
genus. 

The following species are probably but few of those which occur 
even in Minnesota, but they are so clearly defined, for fhe most part, as 
to be unmistakable and their description it is hoped will form a founda- 
tion upon which to lay later study. — Observations extend over a term 
of about four years. 

Species with seventeen-jainted Antennce. 

CYCLOPS TEXUICOBNIS, ClauS. 

Bibliography. 
Plate VI, figs. 1-11, 20. Plate V, fig. 14. 

Cyclops tenuicornis, Glaus, Das Genus Cyclops. 

Die Frei-lebenden Copepoden. 
Sars, Oversigt af de Indenlandske. 

Ferskvands Copepoder. 
Uljanin^ Reise in Turkestan. 
Brady y British Copepoda. 
Cyclops signatus, ^ocA, -Deutschlands Crust. 

G. 0. Sars. Uljanin. Brady. 
Cyclops coronatus, Glaus. Fric. 

We feel confident that the two forms distinguished by Claus as C 

coroyiatusj!=^s%gnatus) and G. tenuicornis should be united, as the only 

• distinction which is at all reliable, is the knife -like serrated ridge on 

the last joint of the antennae. The last joints are frequently longer in 

ttniAicornis form, as are the stylets in eoronatus, but this varies. In the 
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same gathering (for in so far as we have observed they occur together 
where circumstances permit a full development,) the corona t us '{orm is 
larger and carries more numerjus eggs. No young with the serrated 
antennae have been seen, though searched for diligently. On the other 
hand young forms of tenuicornis abound, and we have seen females 
with incompletely grown antennae with egg-sacs. In view of these 
and similar facts, we feel justified in considering coronatus probably a 
post-imago ot tenuicornis. 

Cephalothorax broad; abdomen rather slender; antennae reaching 
about to base of throax, attenuated at the end; terminal joint with a 

knife-like ridge; formula — ^ ^^ — rs^ — s^s-xvw^v^>w^ ^xv^ 

— ; fifth foot composed of a long basal joint bearing a long spine and 
a terminal three-spined division ; caudal stylets over twice as long as 
last abdominal segment; setiB all nearly terminal, inner one much 
longer than usual, length i"S» cm. 

Common in America, England and continental Europe. 

CYCLOPS ATER, K. Sp. 

(Plate III, figs. 9-12.) 

Length about ri cm; antennae as long as cephalothorax, la, cm., slen- 
der and gradually tapering; formula* — — v^ ^-^ — ^^^>^>^i: 

:::: v^ j terminal joints rather short; the last joint furnished 

with a knife-like ridge as in tenuicornis ) second antennae much as in 
tenuicotnis; maxillipeds rather large; fifth foot one-jointe.d, armed with 
three subequal spines; abdomen rather short, last segment very short; 
stylets somewhat elongated; setae rather short, lateral seta near the 
end; eggs pale; color deep blue or gray. 

This beautiful and very distinct species is found in ** Mud Lake " in 
Hennepin county, with Cyclops signatus, •The large very dark cephalo- 
thorax and shortened abdomen make it conspicuous. The one-jointed 
fifth foot, shape of the operculum vulvae in connection with the short- 
ened joints of antennae and characters of the caudal stylets, make the 
species sufliciently distinct from any other. 

CYCLOPS INGENS, Sp. UOV. 

(Plate IV, figs. 1-8.) 

A large species perhaps too near C. qigas, or C, brevlcornis Claus, 
'but differing from the former as to the length of antennae and stylets 

*NoTE The accent marks :ire lined to -jisuify thiit joints repre-iented by them (counting ft-om base) 
.are either long — , short n^, medium :=:. 
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and ill iiot having the distal margins spined (except in some cases ?) 
and fro n the latter in size and arrangement of caudal setae. 

Thorax large; abdomen rather slender; stylets rather slender with 
the lateral seta well towards the end; second and third setaB alone 
long, weakly pectinate; last joint but one of abdomen sometimes 
toothed along the distal, under margin; maxillipeds as in C. gig as ; 
jaws with large teeth; antennae very short not reaching to the base of 
the first cephalothoracic segment; formula — - ^^ — Z -^^ — ^-•^w/^w»' 
w v-^ v«^ x-^ ^^ :i — ; fifth foot two-jointed, the proximal joint very 
broad with a strong spine, second joint cylindrical with a long seta 
and a very short spine near the end; operculum vulvae somewhat 
heart-shaped; egg sacs oval-elongated, reaching beyond the end of ab- 
domen; length yVo c^- including stylets and setae. 

This is one of the largest and finest as well as rarest of our forms 
and loves, as it appears, lakes having outlets. 4 

Small forms with seventeen-jointed Antennce. 

CYCLOPS NAVUS, sp. nov 
(Plate V, figs. 6-13-15-17.) 

Closely related to Cyclops puJchellus, Koch, and to Cyclops strenuus, 
Fischer. 

Rather slender; abdomen long; stylets about three times as long as 
last segment of abdomen; lateral seta rather stout; outer and inner 
terminal setae minute ; middle ones of moderate length ; antennae short, 
reaching barely to or but little beyond the end of first segment; for- 
mula — — N^ — — v-x — v^v^s-zv^v^v^s^ — — :i; fifth feet two- 
« 

jointed, terminal joint large, with two considerable spines; operculum 
vulvae of peculiar shape ; length ^W cm. excluding setae. 
Quite abundant and perhaps passing into the following. 

CYCLOPS PAROUS, sp. nov. 
(Plate VI, figs 12-15 ) 

Almost exactly like the last but Hot yet found in the same waters. 
Distinguished by the broad and short basal joint of the fifth foot 
which extends into a process carrying a spine, the slender second joint 
with a single long spine and a shorfc thorn, and by the oval shape of 
the operculum vulvae. 
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The caudal setsB are naked for about a third of their length. These 
distinctions seem constant. 



Section with twelve-jointed Antennce. 

« 

CYCLOPS 8BRBULATUB, Fischer. 
(Plate V, figs. 1-5, Plate VII, fig. 10.) 

Bibliography. 

Cyclops serrulatus, Fischer Bulletin de la Soc. Imp. etc. Moscou. 

Lilljehorg^ De crust ex ord. trib. 

ClauSy Das genus Cyclops. 

Sars, Oversigt Ferskvands Copepoder. 
Frei-lebenden Copepoden. 

Fric, Die Krusten thiere Bohmens. 

Uljanin, Reise in Turkestan. 

Brady, British Copepoda. 
? Cyclops minutus, ClauSy loc. cit. (- young.) 
? Cyclops macrurus, SarSy loc. cit. 
? Cyclops spinulosus, Glaus, loc. cit. 

Typical Form. 

Cephalothorax oval, compact; abdomen slender and short, suddenly 
enlarged previous to its union with the thorax; antennas slender, 
reaching nearly, but not quite to the last thoracic segment; the last 
three joints are attenuated and furnish the most evident character of 

the species ; formula — — ^ — ^^ '^ — — v^ ; during life the 

antennae tend to assume the form of a rude Z, the proximal four joints 
forming the base; antennules small, reaching about to the sixth, joint* 
of antennae; jaws small with large teeth; the single segment of the 
fifth foot with three equal spines; egg sacs oval, as long as the abdo- 
men; eggs few, dg.rk; caudal stylets very long and slender, spined 
along the outer margin; lateral setae small and approximated to the 
upper one ; outer terminal seta short, spine-like, in life set nearly at 
right angles to the others, spined or beaded on one margin and bristled 
on the other; the next seta is as long as the abdomen, being somewhat 
exceeded by the following one; inner seta insignificant; upper seta very 
small; length less than -^ cm. 

A larger form occurs with an elongated body and abdomen and with 
extremely attenuated antennae and caudal stylets, but it is not a va 
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riety induced by alpine habitat as suggested by Brady, occurring as a 
"post imago" form with the ordinary type. Claus' description of 
Cyclops spinulosus suggests that this form may be the basis of his 
species though the form of the male antenna is diflferent from any 
yet seen. Cyclops minutus, Claus, is most certainly the young of some 
Cyclops, as is indicated both by the description and figures in Die Fret- 
lebenden Cqpepoden. Though placed among the twelve-jointed forms the 
antennae are eleven-jointed. The fact that the females may have had 
egg sacs is no proof of their maturity as I have seen undoubted larval 
forms of serulJatus with the sacs. Moreover two-jointed branches of 
swimming feet is a larval character. This is a cosmopolitan and very 
abundant species, occurring in almost all pools and lakes about Min- 
neapolis. The form and structure of the stylets, antennae and feet 
make it an easily recognized species. 

CYCLOPS FLUVIATILIS, Sp. nOV. 

(Plate VII, figs. 1.9.)- 

A very small and distinct species of the section with 12-jointed an- 
tennae was found in an estuary of the Mississippi river, (also later in 
L. Minnetonka) with the following characters: — 

Body elongated; thorax very long; abdomen slender; stylets about 
as long or l<J)nger than last abdominal segment; setae all very short, not 
pectinate; lateral and dorsal setae very small; outer one spine -like 
short and stout, two middle short, inner one very small and incon- 
spicuous; antennae reaching nearly to the base of abdomen; formula, 

— ~v_^ — — ; the three joints following the six 

basal are much elongated while the terminal ones are but moderately 
so, a character which is peculiar to this species; terminal segment 
slightly but evidently hinged, and together with pair preceding some- 
what curved; feet with the terminal spines strongly toothed; fifth 
foot very small, one- jointed, bearing three small setae ; operculum 
vulvae heart-shaped; egg sacs subquadrangular; eggs large; abdomen 
in the joung much elongated; color deep indigo, length ^ Jo cm. 

CYCLOPS ADOLESCENS, Sp. UOT. 

(Plate VI, figs. 16-20.) 

The form figured under the above name seems closely allied to C« 
affinis, Sars, from which it differs chiefly in the arrangement of the 
joints of antennae. 
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The body passes without marked transition into the abdomen which 
is abnormally shortened ; caudal stylets very short as is the last segment 
of the abdomen; setae exactl}' as in C. parous with which it was found; 
antennae eleven-jointed; formula — -^ — ^s^ rrs^ — — ; a semi -cir- 
cular series of spines upon the basal joint; fifth foot obsolescent, the 
three spines appearing to spring directly from the last thoracic seg- 
ment which also bears a series of teeth; egg-sac reaching to base of 
abdomen, with rather numerous eggs; feet heavily spined on one mar- 
gin; length iVo cm., male iJo cm. 

This species, together with all others of this sort with eleven-jointed 
antennae, is perhaps but an immature and abnormally modified form 
of some of the common species If this be true the rarity of these 
nominal species is explained. C. tninutus, Claus, is certainly but a lar- 
val form, as is shown by the two-jointed branches of swimming feet. 

Section with S-jointed Antennce. 

CYCLOPS CRASSICORNIS, Mullcr. 

(Plate IV, figs. 9-U.) 

Bibliography. 

Cyclops crassicornis, MuUer^ Entomostraca. 

Sars, Oversigt Ferskvands Copepoder. 
Uljanin, Reise inx Turkestan. 
Brady ^ British Copepoda. 
pauper, Fric^ Die Krustenthiere Bohemens. 
? magniceps, Lilljeborg, De crustaceis ex ordinibus tribus, etc. 

A small species characterized by its small size and the eight-jointed 
antennae; body depressed and passing gradually into the rather uni. 
form abdomen; first cephalothoracic joint large ; abdomen rather slen- 
der; stylets of moderate length, spined along the outer margin some- 
what as in C serrulatus; outer seta lance-shaped, short; the next one 
as long as stylets and last two segments; the following one nearly 
twice as long; inner one very small; last joint of abdomen spined; the 
preceding one fringed on distal margin with weak setae; antennae 

short, not reaching the base of .first segment; formula — — v-^ w 

^' -; the basal joint with a semi-circular set of fine bristles, and with 
the following is furnished with pectinate setae; second antennae short; 
terminal joint short, with two curved, strong spines and other weaker 
ones; fifth feet small one-jointed with three unequal spines, bordered 
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above by a spined plate of the last thoracic segmeut; length about loo 
cm. excluding setae. 

This species appears not to be very abundant, or at least from its 
small size it is not often encountered. A few particulars distinguish 
these western forms from the description given by Brady, among them 
being the spinous armature of the stylets, the bristles on the penulti- 
nate segment of the abdomen, pectinate bristles of the fifth feet, and 
the greater length of the abdomen, yet I see no reason for separating 
them. I have not seen the male and can not be sure that there is no 
further development, but the fact that the feet in this form are three" 
jointed, and its peculiar characters, clearly distinguish the species 
from any other known to me. 




Fiff. 3. Sida cryatalHna. 
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TI. Notes on some Minnesota Cladocera. 

Tribe I Ctenopoda. 

SIDIDJE. 

Antennae of second pair with unequal rami, superior larger; last 
joints compressed and setose; intestine simple. 

Of this family two species are certainly identified in America, both 
of which are abundant in certain favorable locations at the proper 
seasons. No species of the Holopedidce are known to occur here. 

Genus sida Straus. 

Superior ramus of seoond antennae three-jointed; posterior margin 
of post-abdomen with numerous spines (20-30.) 

^ Sida cbystallina, Miiller. 

(Fig. 3.) 

Bibliography. 
Daphne crystallina, Muller, 
Daphnia crystallina, Latreilk. Base. 
Sida crystallina, Straus^ M6m. Mus. Hist. Nat. 
Sida crystallina, M. Edwards, Hist. Nat. Crust. 
Monoculus crystallinus, Gmelin. Manuel. Fabricius. 
Monoculus elongatus De Oeer, M^m. servir Hist. Ins. 
Sida crystallina, Lievin, Branch, d. Danziger Geg. 

Baird, Brit. Entom. 

Lilljeborg, De crust, ex ord. trib. 

Fischer. 

Sch6dler, Die Branch, d. Umg. v Berlin. 
Neue. Beitr. 

Leydig, Naturg. d. Daph. 

SarSf Norges Ferskv — Krebsdyr. 
eloogata Sars '' '* " 

Sida crystallina, P. E. Mailer, Danmark's Cladocera. 

KurZy Dodekas Neuer Cladoceren. 

Birge, Notes on Cladocera. 

Herrick^ Microsc. Entom. 

Lutz, Untersuch, ii. d. Cladoceren d. Umg. v. Bern. 
1878. 

Weismann. 
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I note this cosmopolitan species, of which a nearly complete biblio- 
graphy is given above, simply to mention that I have recently found 
for the first time specimens of Sida reaching the size mentioned by 

P. E. Miiller (iVo cm.) 

In smaller pools, when present our Sida is much (often i) smaller, 
and only in L. Minnetonka does the species attain its ultimate devel- 
opment. 

Genus daphnella. 
Superior ramus of second antennae apparently 2-jointed, narrow; 
post-abdomen destitute of spines. 

DAPHNELLA BRAOHYURA Licviu. 

(Plate VII, 11-16 ) 

Bibliography. 

Sida brachyura, Lievin Branch, d Danziger Geg 

Daphnella wingii, Baird, Brit. Entom 

Sida brachyura, Lilljehorg, De crust, ex ord. trib. 

Diaphanosoma brandtianum, Fischer, Erganzig, Berichtig. 

Daphnella brandtiana, Sars, Norges Ferskv. — Krebsdyr. 

Daphnella brachyura, P. E. Mailer, Danmark's Cladocera. 

Daphnella brachyura, Lutz, Untersuchung ii. die Cladoceren d. 

Umg. V. Hern. 

Sida brachyura, Pavesi, Nuova serie di recerche della fauna pelagica 

nei laghi italiani, (L. Trasimens.) 
(Compare also Z). expinosa, Birge, Notes on Cladocera p. 3.) 

The species of Daphnella found about Minneapolis, occasionally 
abundant, seems not to diflFer in any important character from Euro- 
pean tj'^pes of D. brachyura although I formerly regarded it as distinct 
(2). winchelli.) 

Head less than one-half the body (about iJJq cm. while body is ,ooo 
cm. long); eye about i head; antennae when reflexed extend a little 
beyond f the length of body. Male iJ© cm. long; antennne reflexed 
reaching base of shell; anterior antennae extremely long; copulating 
organs reaching nearly to end of claws. Having carefully compared 
our specimens with the description and figures given by Birge for his 
D, expittosa, the evidence j^eems to indicate not only that they are 
identical but both are really D. barchyura. The distinctive characters 
of D. expinosa are a greater indentation between head and body, ab- 
sence of caudal teeth, greater length of male appendages, and the 
opening of the vasa deferentia in the "instep** of these appendages. 
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The absence of teeth upon the post-abdoinen is of even generic im- 
portance according to Sars, who gives it in his synopsis of genera as 
typical for Daphnella. In our specimens the claws are at least pecti- 
nate if not serrate, while the appendages of the male reach generally 
nearly to the middle of the claws. The relative length of these ap- 
pendages and the antennae of male is variable. 



Tribe II J anomopoda. 



DAPHNIDJE. 

Rami of antennae 3 and 4-jointed; feet of five pairs; intestine with 
anterior cteca riot convolute. 

Genus moina, Baird. 

A transition between Sididce and Daphnidce is made through this 
genus. 

Head separated from the body by a depression; macula nigra absent; 
antennae of female large, movable, of male very long, curved; first 
foot of noale with strong hook; valves short, truncate behind. 



MOI]S"A BRACHIATA. 

We believe with P. E. Miiller that 'this and M. rectirostris are iden. 
tical. The most complete discussion of the merits of the three species 
(the above and M. paradoxa) is found in Weismann*s paper, Ueber 
einifjfe neue oder unvollkommen gekannte Daphniden, Grriiber and Weis- 
mann, 1877, which see for bibliography and elaborate, not to say la- 
bored, distinctions. This species is not common, but when found (in 
muddy pools in late summer) frequently appears in great numbers. 
For embryology see Orobben, Entwicklungsgeschichte der Moina 
rectirostris. 

Genus daphnia. 

This genus as limited by Miiller is well distinguished from the re- 
maining genera of the {sLmily—SimocephaluSyScapholeberis, Ceriodaphnia 
And Moina. 

As remarked by Birge, this is not the typical representative of the 
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• 

group but is a very divergent member of it, worthy, probably, of form- 
ing a distinct section or sub-family. The most remarkable feature is 
one which appears in a comparatively early embryonic period and, in 
some cases, nearly disappears in later life This is the development of 
a long spine from the dorsal, posterior end of the shell. This is the 
real diagnostic test and has not yet been incorporated into the defini- 
tion of the genus The occurrence of a crista is more variable ap- 
parently, but may be of some importance. 

The following is suggested as a revision of the diagnosis : 

Shell more or less oval or sub-quadrate and reticulate ; head rounded 
anteriorly, but sometimes with a crest, prolonged below into a beak 
which is truncate posteriorly and bears the antennae near the apex; 
upper dorsal corner of shell in young of both sexes and mature males 
prolonged into a long spine ; the macula nigra is present but not 
always pigmented; the post-abdomen spined behind; opening jof rectum 
at the end. 

The female with two age-forms (heterogenetic and dimorphic); the 
second form frequently scarcely spined; antennae small, not movable, 
furnished with sense-hairs; ephippium with two ova, separable from 
remainder of shell along the latero-median suture ; the brood-caVity 
closed by more than two unequal processes of the abdomen. 

Male with long movable (almost two-jointed) antennae furnished 
with prehensile stylus; first foot bearing a curved claw; swimming an- 
tennae very long; vas deferens opening at the end of post-abdomen. 
Embryo with second antennae palpate ; a curved appendage to shell 
which becomes the spine of adult. 

DAPHNIA PULBX. 

This species is mentioned here simply to remark concerning Z>. 
pulex, var denticulata of Birge, (Notes on Gladocera, p. 11, plate I, fig. 
11.) that the European as well as all the American specimens of D, 
pideXy have a fine series of spines on the claws of the post-abdomen. 
A glance at Tafel XII, fig. 39, of the Zeitschrift fiir Wiss. Zool. Bd- 
XXXIII, with Weismann's plate of the end of the abdomen of this 
species, is sufficient evidence of this fact, though as the animal is a 
ijiale and quite young, the spines are less evident; moreover the 
number of caudal teeth is known to be variable with age. Some 
other peculiarity must be found to give this varietal distinction 
validity. 
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DAPHNIA Sp? 

(Plate X, figs. 15-16). 

From a cold marsh a gathering in June, 1882, contained several fe. 
males like that represented by fig. 16. They were far from being 
abundant, however, and the pool contained no other Daphnia showing 
that it was unfavorable to the growth of these animals. 

These females differ from D. pulex chiefly in their small size, dw cm.) 
being the smallest Daphnia seen with an evidently mature appearance. 
The caudal spine is sickle -shaped; post-abdomen as in pulex; antennae 
short; the animal beautifully clear and varigated by the brilliant con- 
tents of ovary, eggs and intestine. I hesitate to regard it as a destinct 
species. 

Figure 15 represents a single specimen of Daphnia found with the 
above which was somewhat injured during its moult. This resembles 
D, apicata, Kurz. and D. peUucida^ Miiller, and is perhaps the male of 
the species represented by fig. 16. Our knowledge of the variations 
induced by environment is yet too meager to draw up definitions of 
species with certainty from a single gathering, but these forms are pe- 
culiarly interesting. 

See also the accompanying figure, (fig. 4,). These forms merit closer 
study. 




Fig. 4. Daphnia loiigispina {numbered 1) etc. 
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SCAPHOLBBBRIS, Sch6dler. 

In a former paper S, mucronata was reported from this locality with 
the remark that only the unhorned variety seems to occur here. A 
rather diligent search has failed to find var. fronte cornuto, though ou^ 
waters have been carefully searched at intervals for several years and 
at different seasons. Birge quotes only this variety. However, the 
species is not common and the other form may yet be discovered. 
See Fig. 5. 
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Fig. SJ^Scaphoieberis mucronaia. 
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A second variety or species has been found which differs somewhat 
from typical mucrofiata, but does not appear to be nasuta of Birge. Is 
not the latter a variety simply ? 

SCAPHOLEBEIIIS ABM ATA Var. ? nOV. 

Length y-J^ - yq-o cm. ; much as S* mucronata in form; but the spines are 
greatly elongated in old as well as young individuals; and in individuals 
having winter as well as summer eggs, though the winter form seems 
to have longer spines which are nearly equal in some cases to the 
hight. Antennae are short and transparent. The head is separated 
from the body by a marked depression; but is curved forward so that 
the beak lies generally between the valves. The antennules are of 
medium size. Nowhere reticulate ( ?) nor tuberculate. The shell is 
marked by impressed lines, especially anteriorly and below. The lower 
margin is straight and beaded anteriorly, but toward the base of the 
mucro are several long bristles which stop abruptly and are followed by 
a few very weak hairs. The post-abdomen has three teeth at the base 
of the claws, which are smooth. 

This variety is much like S. nasuta of Birge, perhaps, kut differs per- 
cept ably in several points. Most conspicuous are the greatly elongated 
spines and the short antennae. This variety is about as large as 
mucronata but less than nasuta. 



BOSMINIDJE. 

Genus bosmina. 

First antennae many -jointed; intestine straight. Sole genus of the 
family, and one which Kurz characterizes as ** one of the most difficult 
of the genera of Cladocera." 

There are three species known in the United States, two of which 
are found from the Eastern States to the Mississippi and westward, and 
are 'identical with European forms. The third may not prove distinct. 

BOSMINA LONGIEOSTRIS. 

(Plate X, fig. 2.) 

Differs from the following in having the terminal claws not toothed-, 
and from B, striata in the shorter antennae and reticulate shell. 
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BOSMIKA COBNUTA. 

(Plate IX, figs. 3-5.) 

J Jo cm. long; shell reticulate with hexagonal meshes; antennae 
curved backward and outward at the tip; claws with several teeth near 
the base. In embryonic specimens the antennae are straight. 



BOSMIKA STBIATA, Sp. n. 

(Plate IX, fig. 1). 

iJSo cm. long; shell marked with Anastomosing longitudinal striae; 
antennaB very long; frontal seta about midway between eye and the 
sense-hairs of the antennae : posterior inferior angle of shell spined as 
in the previous species. 

The species resembles B, maritima greatly. The members of this 
genus have been little studied owing to their small size and compara- 
tive rarity, and it is even possible that some of the species will prove 
invalid- 4 

All three of the above species were found in one gathering from 
Lake Minnetonka. Only one other locality (for B. longirostris) is known 
to me in this State. 



LYNCODAPHNIDJE. 



Genus Macbothbix. 

Aside from M. roseus aniM. tenuicornis (to which, perhaps, M. agilis 
of a previous report may be referred) a single species of macrothroid 
crustacean was collected at Lake Minnetonka, which is very remarka- 
ble. The specimen was apparently somewhat injured in moulting, and it 
is not possible to tell how much of its peculiar shape may be due to this 
fact, but some of its characters are sufficient evidence that it consti- 
ijutes at least a new species. 

It resembles in outline Simocephalus vetulus; the antennae are very 
narrow and curved in a lateral as well as posterior direction; the 
second or swimming-antennae are long as in other members of the 
genus; manila nigra present but small; eye small; post-abdomen 
short, triangular; claws pectinate; a dorsal sucking-disc is present; 
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length i'£ cm. For this apecies the name macrotheix paopbb ii 
visionally offered. (Plate VIII, fig. I.) 



(FiQ. 6.) 

KACKOTHBIX TENUICORNIS, Kurz. 

(Fm. 6.) 

The d^cription given by Kurz is very full and agrees very well. The 
peculiar arrangement of the movable spines at tbe margin of the 
vaJves 18 characteristic. I have observed that this species forms an 
epkippium. MuUer says destinctly of the series of genera including 
Macrothrix, Drepanothrix, Lalkonura, Bosmina, Acantholebris and 
Iliocryptua, " Testae abjeclw corporis, nulla ephippio, ova hiberna 
oblegunt." 

Bosmina is little related to the Lyncodaphnida and, however it may 
be with regard to other Bpecies, in M. tenuicornis an evident ephippium 
is formed in much the same way as in Ceriodc^hnia. In Daphnia this 
egg-cover is produced by an alteration of part of the inner layer of 
the shell which hecumes turgid and secretes a thick coating. Tbe 
ephippium simply extends over the brood-cavity, being marked off 
from the rest of the shell by the median suture of the valves. In 
other DaphnidtE and in Maerothrix nearly the whole of the valves are 
thus modified. The shell of 3/. tenuicornis is normally smooth, but in 
the ephippial female, that portion of the inner layer of the shell 
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bordering the egg-cavity and a little beyond, is composed of large and 
very deep cells; the space between the outer and inner layers is much 
greater than in Daphnia. 

Genus lathonura. 

Although no species of this genus has been found in Minnesota, it 
is to be expected that it will eventually be discovered that the 
cosmopolite L. rectirostris^ Miill. occurs in our limits. It occurs in 
Mass. according to Birge. • The figures (Plate VIII, figs. 11-12) 
were drawn from specimens found in Leipzig, Saxony, illustrating a 
tendency, especially common in the Lyncodaphindce, to abnormal 
growth of the spinous appendages — in this case the anal setae. 



Genus iliocryptus. 

A genus represented by a single European species. Our form may 
differ somewhat in some respects from the generic diagnosis, but 
certainly belongs here. There are no anterior coeca (as indeed there 
are probably not in the European /. sordidus though so stated by 
Miiller,) and no permanent coecum or dilation of the intestine before 
the rectum. The marginal spines are straight, long and movable with- 
out branches. 



ILIOCRYPTUS SPINIFER Sp. nOV. 

(Plate VIII, figs. 2-6.) 

Short; depth nearly equaling length of body excluding head; rounded 
behind; free edges of valves beset with slender ciliate spines which are 
not branched; antennae exactly as those of L sordidus, as is the post- 
abdomen, save that the anus seems to be situated higher; ova three or 
more. 

This species occurs in Silver lake, east of Minneapolis. It swims 
quite well, while of the European species it is said this is not the case. 
It does, however, frequently load itself with filth so as to be too heavy 
to swim freely. 
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LYKCODApHNiA, Gen. n. 
(Plate IX, figs. 1-3.) 

Form much as is species of Alonella, etc., truncate behind; superior 
antennae like Macrothrix, attached movably to the end of a blunt 
prominence beneath the head; second or swimming antennae slender; 
four-jointed ramus with three long setae at the end of terminal joint 
where is also a stout spine ; joint following the basal joint also with a 
spine above; middle joint unarmed (?); three-jointed ramus as in Ma- 
crothrix; the basal segment armed with a much elongated seta; eye rel- 
atively small; pigment fleck present; intestine twice-convoluted, ex- 
panded in front of colon, opening in the *'heer* of the post-abdomen, 
post-abdomen slender, sub-triangular, margined behind with a double 
series of spines; terminal claws large, straightish and furnished with 
a long and short spine near the base, also very minutely feathered be- 
hind; shell marked alone by the so-called **stuzbalkein;'' lower margin 
with movable spines. 

Few more interesting forms have been noticed than this, since it 
combines the characters which have hitherto been considered as very 
clearly forming the boundaries of distinct families. 

Kurz says, (Dodekas neuer Cladoceren nebst einer kurzen Uebersicht der 
Cladocerenfauna Bohnens, p. 30:) *'Keine Cladocerenfamilie bildet eine 
so streng in sich abgegrenztes natiirliches ganze, wie eben die Lyn- 
ceiden," and this even after recognizing the relationship of Macrothrix 
&iii Lithonura to theLynceids by placing them in the sub-family Lyn- 
oadaphnice. The form for which I propose the name Lyncodaj^hnia is 
quite as much like such forms as Alona and related Lynceids, as any 
species of the Lyncodaphnince, while at the same time'bhe characters of 
antennas and head are almost identical with Macrothrix, This furnishes 
but another example of the fact that possibility of distinguishing 
families and genera lies alone in the meagerness of our knowledge. 

LYl^CODAPHNIA MACR0THR0IDE8, Sp. n. 

Form sub-rectangular, greatly elongated; length ^Vo c™l., hight 
1 So cm. or less; first antennae long and slightly curved, bordered be- 
hind by about ten spines and terminating in two-unequal sword-shaped 
spines and several sense-hairs, about yJJo cm. long; swimming an- 
tennae very slender as in Macrothrix, ^ Jo ^^' long; head uot marked 
off by a depression from the body, small and extending below into a 
blunt elevation for attachment of antennae; labrum rather large; eye 
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small; macula nigra conspicuous but not large; anterior feet strongly 
armed with curved spines. The intestine anteriorly is furnished with 
coeca, is twice convoluted, broadened before entering the rectum and 
opens a little distance beyond the oval seta in the heel of the post-ab- 
domen; post-abdomen rather slender, toothed behind with a double 
series of about twelve prominences, becoming distally sharp, strong 
teeth; terminal claws curved at the end only, pectinate and bearing 
two unequal but large processes near the base; eggs much like those 
of Macrotkrix. 
Occurs in Lake Minnetonka, Hennepin Co., Minnesota, rare. 



LYNCEID^. 

But few of this large family, furnishing the majority of the Clado- 
cera fauna of any locality and at any time of year, have been carefully 
studied here. The following are mentioned as of particular interest: 



SUB-FAMILY EURYCERCIN^. 

The single species Eurycercus lamellatus which constitutes this sub- 
family has been mentioned and figured in a previous paper. It is quite 
abundant and constant. 

Eurycercus is connected with the true Lynceids by the following 
genus which l\^,s quite as many affinities with Eurycercus as any Lyn- 
ceid. Schodler seems to be the only writer who Has laid sufficient 
stress upon this similarity, though it may not be best to unite the two 
forms as he did. 



Genus Leydigia, Kurz. 

LEYDIGIA QUADRANGULARIS, Leydig. 

(Plate VIII, 7-8.) 

The Minnesota species is referred to L. quadrangularis under the be- 
lief that there is no specific distinction between that species and L- 
acanthoceroides^ Fischer. 

Our form does not agree in every particular with the very minute 
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description of Kurz and does agree very well with what is said of L. 
aeanthocercoides. However, Kurz says of the latter species, **Diese Art 
is von der vorangehenden (L. acanthocercoides) im weiblichen Gesch- 
lecht schwierig zu unterscheiden," and immediately adds that the male 
is unknown to him. In P. E. Muller*s time both males were 
unknown. Miiller says of acanthocercoides ^ "ungues caudales 
inermes," of qucuirangularis, ''ungues caudales denteminuto." Kurz on 
the other hand says of the former, **der Basaldorn ist kurz," of the 
latter *'die Endklauen haben keinen Basaldorn." 

Our species has no spine on the claws, and has a small spine on an 
eminence on the dorsal part of the abdomen, as well as two ciliated 
prominences between it and the oval setaB; length ^% cm. ; color red. 

Silver Lake, east of Minneapolis. 

CAMPTOCBRCUS MACB0URU8. 

(Plate X, fig, 9.) 

This large species occurs rather sparingly at Lake Minnetonka. It 
is probably widely distributed in America as well as Europe. It is 
known in Cambridge, Mass. and Madison, Wis. (Birge). 



CAMPTOCERCUS ROTUNDUS, Sp. nOV. 

(Plate VIII, figs. 9-10.) 

Short, quadrangular, dorsally nearly uniformly arched; antennae of 
first pair long, curved outward, with long terminal bristles; abdomen 
long, nearly uniform in width; teeth of post- abdomen few, inconspicu- 
ous; terminal claw nearly straight; basal spine large; the claw also has 
a series of spines beginning a little beyond the middle and shortening 
proximally; length j Jo cm. This resembles C. rectirostris, Schodler, a 
little in outline of body but the head is like C. macrourus, except that 
there is a slight beak directed anteriorly (not shown in the figure); the 
post-abdomen is much as in C. macrourus, but is less heavily spined. 
In size it is somewhat less than C. Ulljeborgii, and the shortest species 
known to me. 

ACROPERUS sp ? 

(Plate X, fig. 10.) 

Resembles Camptocercus macrourus greatly. Are these two genera 
really distinct ? 
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PLEUROXis PROCURVUS, Birge. 
(Plate X, fig. 6 ) 

Very characteristic. Found in Shady Oak lake, and elsewhere 
abundant. 



PLEUROXIS UNiDENS, Birge. 

A species which agrees best with this is quite abundant. It is, how- 
ever, always of a deep brownish color, and the beak is long and curved 
inward; it may be distinct. 

A third form of Pleuroxls, probably P. denticulatus, Birge, is abund- 
ant also. 



GRAPTOLEBRIS INERMIS, Birge. 

(Plate X, figs. 8, 11-12.) 

Resembles Alona testudinaria very closely; the antennae are peculiar; 
each joint has a median circlet of fine bristles; the upper ramus is ter- 
minated by two long setae, one shorter seta and a stout spine ; the joint 
preceding the terminal one has a stout seta. The description given, 
by Birge is otherwise complete. Lake Minnetonka. 



CRBPIDOCERCUS SETIGER, Birge. 

This is exceedingly rare, and by reason of its small size, difficult to 
distinguish. It has been encountered but once in Minnesota. This 
species is easily recognized when found, and though our specimens 
diflFer a little from the figure given by Birge, they are doubtless the 
same. 

ALONA OBLONGA, P. E. Mliller. 

The specimens examined diflFer somewhat from Miiller's description. 
The caudal claw is pectinate ; the spine at its base is large and covered 
with a tuft of hairs; the teeth of post-abdomen are large, emarginate 
and hairy; otherwise the agreement is very close; length .07 cm^ 
Found in Grass Lake, Richfield. 
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TBIBE III ONYCHOPODA. 

POLYPHEMIDJE. 

POLYPHEMUS PEDICULUS. 

(Plate IX, figs. 4-6.) 
Bibliography. 

Monoculus pediculus, Linnceus, 1746. 

Gmelin, Linn. Syst. Nat. 

Fabric lus, Ent. Syst., etc. 

Sulzer, Inseeten. 

Manuel, Encyclop. Meth. 
Monoculus pediculus ramosus, De Geer, Mem. pour serv. a, 

THist. des Ins. 

« 

Polyphemus oculus, Miiller, Zool, Dan. Prod, et Entomost. 

Cuvier, Tab. element. 
Latrellle, Hist. Nat. Crust, etc. 
Leach, Edin. Encyc. 
Polyphemus stagnorum. Leach, Diet. Sc. Nat. 

Latreille, Cuv. Rig. An. 
Demarest, Cons. 66n. Crust. 
Polyphemus pediculus, Straus, M^m. Mus. d*Hist. Nat., etc. 

M. Edwards, Hist. Nat. Crust. 
Monoculus polyphemus, Jurine, Hist. Nat. Monoc. 
Cephaloculus stagnorum, Lamarck, Hist. An. Vert. 

BosCj Man. d*Hist. Nat. Crust. 
Monoculus oculus, Gmelin, Lifin. Syst, Nat. 
Scalicerus pediculus, Koch, Deutsch. Crust. 
Polyphemus pediculus, Baird, Brit. Entom. 
Polyphemus oculus, Lievin, Branch, d. Danz. 
Polyphemus stagnorum, Fischer, Ueber die in d. Umg. von St. 

Petersburg, vorkom, Crust. 
Polyphemus pediculus, LUJjeborg, De Crust, ex ord. trib. 
Polyphemus oculus, Leydig, Naturg. d. Daph. 

Polyphemus pediculus, xyc/iorf/^, Neue Beitr. zur Naturg. d.Cladoceren 
Polyphemus kochii, 
Polyphemus oculus, 
Polyphemus pediculus, P. E. Midler, Danmark's Cladocera. 

KurZf Dodekas neuer Cladoceren. 
Weismann, Beitr. z. Naturg, d. Daphnoiden. 
Birge, Notes on Cladocera. 
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I have collected from various sources what I could of the extensive 
bibliography of this, the sole species of the genus. One of the most 
characteristic and pleasing figures given is that of Weismami in his 
article on the ** Schmuckfarben der Daphnoiden," though we believe 
that author in the wrong in the deductions made. Our specimens rarely 
approach the brilliancy of the plate, and there seems to be a more le- 
gitimate way of explaining these secondary colors than by sexual 
selection. This species is never abuudant, nor is it very rare ; found 
in Lake Minnetonka, and the larger lakes with their outlets. 



Ill On Notadromas and Cambarus, 

CYPRID^. 

This group is one of the most difScult and perhaps least studied. A 
number of species some of which, perhaps most, are new, occur in Min- 
nesota, and among them is a Cypris which exceeds any described fonn 
in size. I only mention one genus which is cosmopolitan. 

• 

NOTADBOMAS, Lilljeborg. 

Carapace differing in male and female; eyes two; antennae similar to 
those of Cypris f the superior having seven and the inferior six joints; 
set® of inferior antennsD reaching beyond the apex of the terminal 
claws; second pair of jaws without a branched appendage, in the male 
pediform; abdominal rami rather long. 

NOTADBOMAS MONACHUS, Miillcr. 

Bibliography. 

Cypris monacha, Mullery Latreille^ BosCy Demorest, Baird, Edwards, 

Monoculus monachus, Ginelin^ Manuel. Fabricius, Bees, Jurine. 

Notodromas monachus, Lilljeborg^ De Crust, ex ord. trib. 

Brady y British Ostracoda. 

Females of this widely distributed species were collected near Min. 
neapolis, presenting in as far as could be seen no material points of dis- 
tinction from English types. 
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DECAPODA. 

But two species of Cambarus, C. virilis. Hagen, and C, signifer^ 
occur in Hennepin county, except, perhaps, in the Mississippi. The 
following localities for the former species are known in the State: 
Mississippi river, Minnehaha creek, Bassett's creek. Cedar lake, Lake 
Minnetonka, Lake Independence, Lake Superior. 

It is possible to recognize three age-forms in the males of this species. 

A. The immature male (II Form, Hagen). Reaching two to three 
inches in length, this stage has the chelae proportionally smaller, and 
the spinous armature less developed; the first abdominal foot is simply 
bifid at the end. 

B. (Form I of Hagen,) usually over two and one-half inches long; 
chelae larger; branches of abdominal foot destinct; inner branch 
grooved but lance -linear. 

C. Very large (four inches); inner branch of abdominal foot spatu' 
late at end; the two rows of tubercles on the inner margin of the 
" hand " with six or seven in a row instead of five. 

Male of Form II, A stage, 2i in. long. Chela. 7 in., thumb .49 in. 

I, B stage, 2i in. long, " 1 in., ** .6 in. 
I, C stage, 4 in. long, " 1.8 in., " 1.1 in. 
" II, A stage, 3 in. long, '' - 1.2 in., *' .75 in. 
It will be seen from the above that size does not govern the transi- 
tion from the first to the second form entirely. This differs either in 
different localities or at different seasons of the year. A l^rge gather- 
ing from Cedar lake showed no specimens of the form I, while a 
similar gathering at Lake Independence contained but one of the form 
II. A male from Minnehaha creek had rudiments of a third tooth on 
the carpus of the left claw, thus indicating an approach to Hagen's 
VaV. A. 

CAMBARUS SIGNIFBR Sp. nOV. 

(Fig. 7.) 

A slender, graceful species of rather marked colors, belonging to the 
section having a hook on the third pair of legs but not on the fourth. 
The rostrum is not carinated nor toothed at the apex; acumen moder- 
ate, lateral borders curved, moderately excavated. Cephalothorax 
arched and not depressed above, densely punctate; areola linear; 
chelae slender, straight; thumb deeply excavated on the inner margin 
for the proximal one-third; opposite finger with an impressed groove on 
the inner but not on the outer margin. 
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Male, I Form, Color reddish-(crimson) brown; not obviously fig- 
nred; tail lighter; fin chestnut, marked with gray: cbelee bright crim' 
son below there are green markings on the body and legs, and some 
yellow below. 

The hands are rather narrow and straight, while the "thumb" is 
deeply excavated for one-third its length, and the notch thus formed is 
armed with three or four teeth; the finger opposite has a tooth half 
way from the apex, and others near the base ; the ange at base of thumb 
is densely hairy. The penultimate and previous joint of second foot 
bears a very dense and thick tuft of hairs on the inner margin which it 
particularly noticeable in living specimens. The antennse are short 
about as long as the thorax when refiexed. 

The first pair of abdominal feet resemble those of 0. virilts some- 
what, but are stouter and less divided. They are more strongly curved 
than in C. propinquus. 

The lamime of antennae are much as in C. troglodyles but wider at 
the base. 

The second form has the two branches of the abdominal foot united 
almost to the end. The young males have the ehelffi greenish-blue and 
mottled, while the coloration of the body is like the females. 

The females have shorter chelae, and broader abdomen marked with 
chestnut bars on each segment above. 

A male 3.3 in. long was still in form II, while another 3.2 in. long 
was in the form I. Found by hundreds in a shallow pool known as 
Grass Lake, in Richfield, Hen. Co. 




Fig. 7. 
Cambarus stgnifer. 
a chela, b lamina of antenna, c rostrum, d abdominal foot of 
form II. e abdominal foot of form I. 
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PLATE I. 

Sketch Map of the Canoe-trail from Ogishke Muncie Lake to the mouth of Poplar 
river. 

Route of If. B, Winehellinltild. 



Sketch IS 
river. 



PLATE 11. 

Sketch Map of the Iron trail for Canoes from Grand Marais to Iron Lake. 

Route of N. H. WincMl in iS79. 



PLATE JI. 10 *l'AnnuaL Jt eport 



Geological and Xatund Hiatarv Sunrv of Minnesota . 




From Grand Marais to Iron Lake Route of N.H VVinchell in 1879. 
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PLATE III. 

Sketob Map of Isle Koyale 

To iUtatrate notes on the Geology by N. H. WineheU in 1879. 



PLATE I. 

Diaptomua castor. 

1 1. Male, antennse not yet fully developed, showing shell, gland, heart, reproduct - 

ive, alimentary and muscular systems. 
2. Fem&Ie, antennae and appendages removed except fifth- feet. 
3 and 4. Nauplius stage. 

5. Male foot of fifth pair, (a) ** thumb " of larger branch. 

6. Female foorof fifth pair. 

7. Mouth parts etc. 
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PLATE X. 



Geoi&Nat^HistSur Mmit. 




PLATE II. 



Diaptomui eaUor. 

2. End ot abdomen. 
DiaptoinuB giganteus. 

8. ADtennule. 

9. Male fifth foot. 

10. Female fifth foot. 

11. Spermatic tube. 



1 . P2nd of male antennae. 

3. Caudal stylet. 

4. One piir of feet. 

5. Maxilliped. 

6. Maxilla. 

7. Mandible and palp. 

Potomoichetor fucosui. 

12. Female fifth foot. 

13. Female abdomen and egg-sac. 

14. Abdomen of young. 

15. First foot of Diaptomus giganteus, one branch drawn reverse. 

16. " ** ca8U?r, 
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PLATE ni. 



1. Male. 

2. Antennule. 

3. Maxilliped. 

4. Male fifth pair of feet. 

9. Female 

10. Abdomen, 

11. Maxilliped. 



Potamaiehetor fuc<Au». 

5. Palp of mandible. 

6. End of abdomen. 

7. Feet of first pair. 

8. Eye. 

Oyclopa aUr. 

12. Antenna. 

13. Maxilla of Potomoichetor fuco^u*. 

14. Mandible of 



ii 



(( 



MfNNESOTA CRUSTACEA. 



V 







PLATE IV. 

Olftiops Hiffeng. 

1. First segment of abdomen of female. 5. Stylets of mature female. 

2. Antenna. 6. '* young male. 

3. Fifth foot. 7. Maxilliped. 

4. Antenna of young male. 8. Mandible. 

9. Oifdopi draaneornii. Female. 

10. Antenna. 13. Second autennn. 

11. TermiuHl portion of abdomen. 14. Nauplius form. 
13. Female fifth foot. 
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PLATE V 

Cyclops serrulatus. 

1. Female. 4. Antenna of very young. 

2. Antenna of elongated form. 5. Stylet of elongated form. 

3. Stylet of ordinary form. 

6. Cyclops natmSf antenna. 

7. Furca. 11. Fifth foot. 

8. Abdomen of young. 12. Antenna of young. 

9. Abdomen of male. 13. *' male. 
10 Opening of spermatophore. 

14 C " signatuSj^' maxilliped. 

15. C /lavuSj swimming foot of first pair. 

16. *' ** *' second pair. 

17. Maxillipeds. 
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PLATE VI. 



1. Female. 

2. Mandible 

3. Maxillae. 

4. Btylet. 

8. Abdomen. 

9. Antenna. 

12. Abdomen. 

13. Antenna 

1 . Fifth foot. 

15. Opening of spermatophore. 

16. Abdomen. 

17. Foot. 

IS. Female antenna. 



Cydops tenuicornv. 

6. Fifth foot. 
6*. Maxillipeds. 

7. Antennule. 

C. ** tignaiw.^* 

10. lifth foot. 

11. Male antenna. 
Oyelops parent. 



Cyclops adoleseens. 

19. Eye. 

20. MiUe antenna. 

21. End of antenna of a forn* of 0. " stgnatua.'' 
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PLATE VII. 



3. 
V. 
U. 
13. 



1-9. Cyclops fluvialitis. 
An?f»nnaof yonng. 4. Abdomen of young. 10. Young of C. serrulatus. 
D'lp'inelhi bracliyura, female. 14. End of male abdomen. 

" ** male. 15. End of female abdomen. 

Part of edge of valves. 16. Antenna of male. 
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PLATE VIII 



1. Macrothrix pauper, 
2-6. IliocryptuB spinifer . 
7-8. Leydigia qitadrangtUaru 



9-10. CamptocerctiS rotundus. 
11-12. Laihanura redirostris. 
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PLATE IX. 

i-3. Lyncodaphnia macrot/iroides. 4-6. Polyphe^nus pediculus^ 
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PLATE X. 

1. Boamina striata. 8. Graptolebris inermis. 

% " Umgirostris. 10. Acroperua ap? 

3-5. " eorntUa. 11-12. Graptolebria tnermia. 

6-7. Pleuroxia procurvcUua. 
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PLATE XI 



1 . Limnetes sp ? male. 

2. First foot of male. 

3. Antenna. 

4. Mandible. 

5. Maxilla. 

6. Mandibler teeth. 

7. Caudal appendages of female. 

8. Head, labrum etc., of female. 



9. Antenna (2d) of female. 

10. Foot of female. 

11. Exterior of whole animal from in front. 

12. Modified (sexually) foot of female. 

13. End of process of same. 

14. Magnified spines of lateral limbs of same. 

15. Daphni sp. ? 

16. Daphni sp. ? 
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